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(54) Expansion card insertion and removal 

(57) A computer system has a bus, a connector for 
a circuit card, and a clamp configured to selectively pre- 
vent removal of the circuit card from the connector when 



the clamp is engaged. The computer system has circuit- 
ry connected to monitor the engagement status of the 
clamp and to regulate delivery of power to the connector 
based on the engagement state of the clamp. 
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essary powering down of the expansion card. The control circuit has control of the expansion bus during critical phases 
of the power up and power down sequences, which promotes bus integrity. 

Other advantages and features will become apparent from the following description and from the claims. 

Description 

Figure 1 is a block diagram of a computer system 

Figure 2 is a block diagram of an expansion box of the computer system of Figure 1 . 
Figure 3 is a block diagram of the bridge chips in the computer system. 
Figure 4 is a block diagram of a queue block in each of the bridge chips. 
Figure 5 is a block diagram of the clock routing scheme in the bridge chips. 
Figure 6 is a block diagram of a clock generator in each of the bridge chips. 

Figure 7 is a block diagram of a master cable interface in each of the bridge chips for transmitting data over a 
cable connecting the bridge chips. 

Figure 8 is a timing diagram of signals in the master cable interface. 

Figure 9 is a block diagram of a slave cable interface in each of the bridge chips for receiving data transmitted 
over the cable. 

Figure 10 is a block diagram of logic generating input and output pointers for the receiving logic in the slave cable 
interface. 

Figure 11 is a timing diagram of signals in the slave cable interface. 

Figure 1 2 is a timing diagram of the input and output pointers and their relation to the received cable data. 
Figure 1 3 is a block diagram of the placement of flip flops and input and output pads in each of the bridge chips. 
Figure 1 4 is a table of the information carried by the cable. 

Figure 15A is a table showing the type of information carried by the cable signals associated with single address 
cycle transactions. 

Figure 15B is a table showing the type of information carried by the cable signals associated with dual-address 
cycle transactions. 

Figure 16 is a table of parameters associated with the cable. 

Figure 17 is a logic diagram of an error detection and correction circuit. 

Figure 18 is a parity-check matrix for generating check bits in the error detection and correction circuit. 

Figure 19 is a syndrome table for generating fix bits in the error detection and correction circuit. 

Figure 20A is a state diagram showing a round-robin arbitration scheme. 

Figure 20B is a state diagram showing a two-level arbitration scheme. 

Figure 21 is a logic diagram of an arbiter in each of the bridge chips. 

Figure 22 is a state diagram of a grant state machine in an arbiter. 

Figure 23 is a state diagram of a level one arbitration state machine in the arbiter. 

Figure 24 is a table showing generation of new grant signals based on the current master. 

Figure 25 is a block diagram of logic for generating mask bits and multi-threaded master indication bits. 

Figure 26A is a logic diagram of circuits for generating the masked bits. 

Figure 26B is a block diagram of a computer system with multiple layers of buses. 

Figure 27A is a side view of an expansion card inserted into a slot. 

Figure 27B-C are schematic diagrams of lever circuitry. 

Figures 28-31 are schematic diagrams of circuitry of the expansion box. 

Figure 32A is a state diagram from the circuitry of the expansion box. 

Figure 32B are waveforms from the circuitry of the expansion box. 

Figure 33A is a schematic diagram of circuitry of the expansion box. 

Figure 33B are waveforms from the circuitry of the expansion box. 

Figures 33C-H are a state diagram from the circuitry of the expansion box 

Figure 34 is a schematic diagram of circuitry of the expansion box. 

Figure 35A is a state diagram from the circuitry of the expansion box. 

Figure 35B are waveforms from the circuitry of the expansion box. 

Figure 36 is a schematic diagram of circuitry of the expansion box. 

Figure 37 is a flow diagram of a non-maskable interrupt handler invoked in response to detection of a bus hang 

condition in the computer system. 

Figure 38 is a flow diagram of a BIOS routine that is invoked by a computer system lock-up event 

Figure 39 is a flow diagram of a BIOS isolate routine invoked in response to a bus-hang condition or the computer 

lock-up event. 

Figure 40 is a block diagram of a bus watcher in each of the bridge chips. 
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ventional expansion cards 807 (Fig. 27 A). One slot 34 on the expansion box receives a card 46 which has the bridge 
chip 26. Each hot-plug slot 36 has associated switch circuitry 41 for connecting and disconnecting the slot 36 to and 
from the PCI bus 32. Six mechanical levers 802 are used to selectively secure (when closed or latched) the cards 807 
to corresponding slots, as further described in U.S. Patent Application Serial No. 08/658385 . entitled 'Securing a Card 

5 in an Electronic Device," filed on the same date as this application and incorporated by reference. Each expansion box 
30 includes registers 52 and 82 for monitoring the levers 802 and status signals of the expansion box 30 and a register 
80 for controlling connection and disconnection of slots 36 to the PCI bus 32. 

Referring to Figure 3, the bridge chip is designed to be used in pairs 26 and 48 to form a PCI-PCI bridge between 
the primary PCI bus 24 and the secondary PCI bus 32. The programming model is that of two hierarchical bridges. To 

10 the system software, the cable 28 appears as a PCI bus which contains exactly one device, the downstream bridge 
chip 48. This greatly simplifies the configuration of the 2-chip PCI-PCI bridge joining the primary and secondary buses. 
The bridge chip 26, which is closer to the CPU 14, joins the primary PCI bus 24 to the cable 28. The second PCI-PCI 
bridge 48 resides in the expansion box 30 and joins the cable 28 to the secondary PCI bus 32. A mode pin 
UPSTREAM_CHIP determines whether the bridge chip operates in the upstream mode or the downstream mode. 

is Some non-bridge functions such as a bus monitor 1 06 and hot plug logic in an SIO 50 are used only in the expansion 
box 30, and are non-functional in the upstream mode chip 26. 

A clock generator 102 in the bridge chip 26 generates clocks based on the clock PCICLK1 on the primary PCI bus 
24, with one of the generated clocks being provided through the cable 28 to a clock generator 122 in the downstream 
bridge chip 48. The clock generator 122 generates and drives the PCI clocks in the expansion box 30 at the same 

20 frequency of the primary PCI bus 24, which results in both bridge chips 26 and 48 being run at the same frequency. 
The downstream bridge chip 48 lags the upstream bridge chip 26 in phase by the delay of the cable 28. An asynchronous 
boundary in the upstream bridge chip 26 at the point where data is taken off of the cable 28 allows the phase delay to 
be any value (and therefore the cable to be of any length), with the only requirement onry being that the frequency of 
the two bridge chips be the same. 

25 The core logic of each bridge chip is the bridge logic block (1 00 or 1 20), which includes a PCI master (1 01 or 1 23) 

for acting as a master on the respective PCI bus, a PCI target or slave (1 03 or 1 21 ) for acting as a slave device on the 
respective PCI bus, configuration registers (105 or 1 25) which contain the configuration information of the correspond- 
ing bridge chip, and a queue block (107 or 127) containing several queues in which data associated with transactions 
between the primary PCI bus and the secondary PCI bus 32 are queued and managed. The data transferred between 

30 the upstream bridge chip 26 and the downstream bridge chip 48 are buffered by cable interfaces 104 and 130 in the 
bridge chips 26 and 48, respectively. 

Interrupt routing togic is also included in each bridge chip. There are 8 interrupts, 6 from the secondary bus slots. 
1 from an SIO circuit 50, and 1 from the downstream bridge chip 48. In the downstream chip 48. the interrupts are 
received by an interrupt receiving block 132 and sent up the cable 28 as a serial stream in sequential time slices. In 

35 the upstream bridge chip 26, the interrupts are received by an interrupt output block 114, which routes the interrupts 
to an interrupt controller. 

The SIO circuit 50 furnishes control signals for lighting LEDs, for controlling reset, and for selectively connecting 
the slots 36 to the bus 32. It also includes logic for reading the engagement status of the levers 802, and the status of 
the cards 807 in each slot 36. 

40 The bridge circuit 26 also includes support for interrupts in the expansion box 30, and, when installed in a slot in 
the host system with a proprietary interface to a multichannel interrupt controller, it sends the states of each interrupt 
in a serial stream. The bridge circuit 26 also can be configured to drive standard PCI INTA. INTB, INTC. and INTO 
signals if it is installed in a standard slot in the host system. 

Each bridge chip also includes a PCI arbiter (116 or 124) for controlling access to up to seven bus masters. As 

45 the upstream bridge 26 is installed in a slot, the PCI arbiter 1 1 6 in the upstream bridge chip 26 is disabled. Each bridge 
chip also includes an l 2 C controller (108 or 126) for communication with devices such as EEPROMs, temperature 
sensors, and so forth, a JTAG master (1 1 0 or 1 28) for performing test cycles, a bus monitor (1 06 or 1 27) for measuring 
bus utilization and efficiency and the efficiency of the bridge chip's prefetch algorithm, and a bus watcher (119 or 129) 
for storing bus history and state vector information and for notifying the CPU 1 4 of a bus hang condition. Certain blocks 

so are disabled in each bridge chip as they are not used. In the upstream bridge chip 26, the bus watcher 119, the SIO 
118, the PCI arbiter 116, and the bus monitor 106 are disabled. In addition, the interrupt receiving block 112 in the 
upstream chip 26 and the interrupt output block 1 34 in the downstream chip 48 are disabled. 

QUEUE BLOCK OVERVIEW 

ss 

Referring to Figure 4. the queue blocks 107 and 127 manage transactions flowing between the primary PCI bus 
24 (in the upstream chip) or the secondary PCI bus 32 (in the downstream chip) and the cable interface 130. (From 
here on, the downstream bridge chip will be ref ened to with the assumption that upstream chip works identically, unless 
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contains completion data (i.e., specifically requested by a device that has not yet returned to retrieve it). If the buffer 
contains completion data and the requesting device has issued a request that does not "hit" the buffer, the DCQ 144 
tags the device as a "multi-threaded" device (i.e., one that is capable of maintaining more than one transaction at once) 
and allocates another completion buffer for the new request. The buffer flushing and multiple buffer allocation schemes 
are described in more detail below. 

A master cycle arbiter (MCA) 1 50 in the queue block 1 27 maintains standard ordering constraints between posted 
memory write, delayed request, and delayed completion transactions, as set forth in the PCI Bridge Architecture Spec- 
ification, Version 2.1. These constraints require that bus cycles maintain strong write ordering and that deadlocks do 
not occur. Therefore, the MCA 1 50 determines the order in which posted memory write transactions in the PMWQ 140 
and delayed request transactions in the DRQ 1 42 are run on the PCI bus 32. The MCA 1 50 also controls the availability 
of delayed completion information stored in the DCQ 144. To ensure compliance with these rules, the downstream 
MCA 1 50 gives each posted memory write cycle an opportunity to bypass earlier-issued delayed request cycles, while 
both the downstream and the upstream MCAs 150 do not allow delayed request and delayed completion cycles to 
bypass eariier-issued posted memory write cycles. Transaction ordering by the MCA 150 is described in more detail 
below. 

The transaction counters 159 in the downstream queue block 127 maintain a count of the number of transactions 
enqueued in the upstream bridge chip. A posted memory write (PMW) counter 160 indicates the number of PMW 
transactions held in the upstream posted memory write queue. The PMW counter 160 is incremented each time a 
PMW transaction is sent to the cable interface 1 30. The counter 160 is decremented each time the QPIF 148 receives 
a signal from the cable decoder 146 indicating that a PMW cycle has been completed on the upstream PCI bus 24. 
When the upstream PMWQ has enqueued the maximum number (four) of PMW transactions, the PMW counter 160 
asserts a PMW full signal (tc_pmwjull) that tells the QPIF 148 to retry additional PMW cycles from the PCI bus 32. 
Likewise, a delayed request (DR) counter 161 counts the number of DR transactions held in the upstream delayed 
request queue. When the DRQ is holding the maximum number (three) of DR transactions, the DR counter 161 asserts 
a DR full signal (tc_drjull) indicating that the QPIF 148 must retry all subsequent DR transactions from the PCI bus 
32. A delayed completion (DC) counter 162 counts the number of delayed completions that are enqueued in the up- 
stream master cycle arbiter When the MCA is holding the maximum number (four) of delayed completions, the DC 
counter 162 asserts a DC full signal (tc.dcjull) that prevents the downstream QPIF 148 from running delayed request 
transactions on the secondary PCI bus 32. As soon as the full condition disappears, delayed completion information 
may be sent to downstream DCQ. 

A PCI interface block 1 52 resides between the PCI bus 32 and the queue block 1 27. The PCI interface 1 52 includes 
a master block 123 and a slave (target) bkx* 121. The slave block 121 allows PCI devices on the bus 32 to access 
the bridge chip's internal registers (e.g., target memory range registers 155 and configuration registers), to claim com- 
pletion information stored in the DCQ 144, and to initiate transactions that are passed through the QPIF 148 and the 
cable interface 1 30 to the primary bus. The slave block 1 21 controls the availability of the PCI bus 32 to the PCI devices 
on the bus 32 by recognizing when each device asserts its REQ# line and forwarding the REQ# signals to the PCI 
arbiter 124. When the PCI arbiter 124 selects a requesting device to receive control of the bus, the slave block 121 
grants the bus to the device by asserting the device's GNT# line. As soon as the bus 32 is granted to the requesting 
device and the device asserts its FRAME# signal indicating the beginning of a transaction, the slave block 121 latches 
the transaction information (e.g., address, command, data, byte enables, parity, etc.) into a slave latching register 156. 
The queue block 1 27 then is able to retrieve the transaction information from the latching register 156 and provide it 
to the DCQ 1 44 and/or the cable interface 1 30. 

Transactions supported by the PCI slave block 121 are shown in the following table. 



55 



PCI Interface Slave Transactions 


Transaction Type 


Primary Interface 


Secondary Interface 


Interrupt Acknowledge 


Not supported 


Not supported 


Special Cycle 


Delayed 


Delayed 


I/O Read 


Delayed 


Delayed 


I/O Write 


Delayed 


Delayed 


Memory Read 


Delayed 


Delayed 


Memory Write 


Posted 


Posted 


Configuration Read (type 0) 


Immediate 


Not supported 
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that are used by the queue block 127 to flush the completion buffers: a flush signal (p2qj!ush) that indicates when a 
butter should be flushed, and a slot selection signal (p2q_stot[2:0]) that indicates which PCI device (i.e., which slot on 
the PCI bus) should have data flushed. The following table shows the relationship between p2q_slot(2:0] and the PCI 
slot number. 



j Creation of p2q_slot(2:0] 


p2q_siot{2:0] 


slot number 


000 


all 


001 


1 


010 


2 ! 


011 


3 


100 


4 


101 


5 


110 


6 


111 


7 



When p2qjlush is asserted, the queue block 127 will flush either all of the completion buffers in the DCQ 144 if 
p2q_slot[2:0] is equal to "000' or the corresponding one of the eight completion buffers if p2q_slot[2:0] has any other 
value. The queue block 127 keeps track of which completion buffers, if any, correspond to each PCI slot at any given 
time. 

The p2q_flush signal Is asserted at the rising edge of the first PCI clock (CLK) cycle after a config write (wr_cfg) 
cycle occurs or after an I/O write (iowr) cycle occurs or a memory write (memwr) cycle hits a downstream target 
(hitjmem) during a command check state (cmd_chk_st). Gates 2014, 2016, 2018, and 2020, and nip-flop 2022 are 
arranged to produce p2q_flush in this way. 

In the upstream bridge chip (i.e., when the upstream_chip_i signal is asserted), p2q_slot[2:0] always has a value 
of "001 ■ since the CPU is the only master on the primary PCI bus. In the downstream chip, the value of p2q_slot 
depends upon whether the cycle leading to a flush condition is a cycle from the secondary bus 32 to the queue block 
127 (i.e., if p2q_qcyc is asserted). If the p2q_qcyc signal is asserted, p2q_slotl2:0] takes on the value of the req_slot 
[2:0] signal produced by the PCI slave 121. The recLslotf2:0] signal indicates which of the seven devices on the sec- 
ondary PCI bus 32 has been granted control of the bus 32. The PCI slave 121 generates the req_slot[2:0] signal by 
latching the value of the GNT# line for each of the seven slots on the bus 32 to form a seven bit latched grant signal 
(latched_gntJ7:1]; the eighth grant line, which belongs to the queue block, is ignored) and encoding latched_gnt[7:1] 
according to look-up table 2006, as follows. 
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Creation of req_slot[2:0] 


latched_gntJ7:1] 


req_slot[2:0] 


1111111 


000 


1111110 


001 


1111101 


010 


1111011 


011 


1110111 


100 


1101111 


101 


1011111 


110 


0111111 


111 



If the cycle leading to the flush is not a secondary-PCI-to-queue-block cycle, it must be an I/O read or config read 
to the target memory range of one of the slots on the secondary bus 32. When the cycle is an I/O read or config read 
(i.e., liowr AND !wr_cfg), p2q_slot[2:0] takes on the value of the PCI slot whose memory range has been hit 
(mrange_slot[2:0]). Otherwise, the cycle is an I/O write or a config write, and p2q_slot{2:0] is set equal to "000" so that 
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of the PMWQ. For each transaction in the PMWQ, the tag memory 2036 maintains information such as the address 
to be written to, the PCI command code (MW or MWI), an address parity bit, and "locked cycle" and "dual address 
cycle" indication bits, as shown in the following table. The tag memory 2036 also stores a pointer to the data RAM 
location of the data corresponding to each of the transactions in the PMWQ. 

5 



Contents of PMWQ 


Field 


Bits 


Comments 


Address 


64 


Upstream Transactions support Dual Address Cycles 


PCI Command 


1 


Memory Write 0111 

Memory Write and Invalidate 1111 (only necessary to store cbe [3]) 


Byte Enables 


0 


Store BEs on every valid transfer clock in the data RAM. 


Parity 


1 /address 
0 


Must store PAR with each transfer along with 32-bit addr/data. 
Must store data parity bits on every valid data transfer in data RAM. 


Data 


0 


Stored in data RAM up to 8 cache lines 


Lock 


1 




DAC indication 


1 


Indicates whether address is 32 or 64 bits 



Because the PCI Spec 2.1 requires posted memory write transactions to be executed in the order in which they 
are received, the tag memory 2036 is a circular FIFO device. The PMWQ, and therefore the tag memory 2036, can 
handle up to four posted memory write transactions simultaneously. 

25 The data RAM 2038 includes four data buffers 2042, 2044, 2046, and 2048, one for each transaction in the PMWQ. 

Each buffer can store up to eight cache lines, or 256 bytes, of data (eight words per cache line). For each cache line 
in a buffer, the buffer stores eight data parity bits 2040 (one per dword) and thirty-two enable bits 2050 (one per byte). 

A cable interface block 2060 receives each transaction and the corresponding data from the cable decoder and 
places the transaction in the tag memory 2036. A queue interface block 2053 receives the data from the cable interface 

30 block 2060 and places it in the appropriate location in the data RAM 2038. The queue interface 2053 also retrieves 
data from the data RAM 2038 and provides it to the QPIF when the QPIF is running the corresponding transaction on 
the PCI bus. An input pointer logic block 2054 generates four input pointers, one for each buffer, that tell the queue 
interface 2053 where to place the next word of data. A valid (output) pointer block 2056 generates four output pointers, 
one for each buffer, that indicate the position of the next word to be taken. 

35 Referring also to Figure 60, a valid flag logic block 2052 maintains an eight bit valid line register 2062 for each of 

the four buffers in the data RAM 2038. The valid line register 2062 indicates which of the eight cache lines in each 
buffer contain valid data. When the last word in a cache line has been filled with data (i.e., valid_pointerf2:0l equals 
"111" and cd_next_data is asserted, indicating that the word has been filled), the corresponding bit in an eight bit cable 
valid signal (i.e., q0_cabie_valid[7:0], q1_cable_valid[7:0J , etc.) is set. The bit to be set is determined by the three 

40 most significant bits of the valid pointer (vaiid_pointer{5:3]), which indicate the cache line being filled. The corresponding 
bit in the cable valid signal also is set when a slot validation signal (validate_slot) is received from the cable decoder 
at the end of a transaction. The cable valid signal is latched into the valid line register 2062 corresponding to the 
selected data buffer at the rising edge of the first PCI clock cycle (CLK) after the last word is filled or the validate_slot 
signal is received. Otherwise, the valid line register maintains its current value. The bits in the valid line registers 2062 

45 are cleared when the corresponding bits of an eight bit invalidate signal (i.e., q0_invalid[7:0], qlJnvalidPiO], etc.) is 
asserted. 

The valid flag logic block 2052 generates a pmwq_valid[3:0] signal that indicates which, if any, of the four data 
buffers contains at least one valid line of data. The valid block 2052 also generates a pmwq_validjinesf7:0] signal 
that indicates which of the eight cache lines of a selected data buffer are valid. A queue select signal from the QPIF 

so (q2pif_queue_select(1:0]) is used to select which data buffer's valid line register 2062 is used to generate the 
pmwq_validjines[7:0] signal. When the queue block gains control of the bus to run a posted memory write cycle from 
a selected data buffer, the queue block transfers all data in each line whose corresponding bit is set in the 
pmwq_validjines[7:0] signal. Gates 2064, 2066, 2068. 2070, and 2072, and flip-flop 2074 are arranged to set the 
values in the valid line register 2062 for the first data buffer (q0_valid[7:0]). Similar circuitry determines the contents 

55 of the valid registers for the other three data buffers. Multiplexer 2076 selects the value of the pmwq_valid_lines{7:0] 
signal. 

Referring now to Figure 61, a full line logic block 2058 maintains an eight bit full line register 2078 for each of the 
four data buffers. The contents of each full line register 2078 indicate which of the eight cache lines in the corresponding 
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Contents of DRQ j 


Field 


Bits 


Comments 


PCI Command 


4 


I/O Read 
I/O Write 
vjonng neao 
Config Write 
Memory Read 
Memory Read Line 
Memory Read Multiple 


Byte Enables 


4 


Byte Enables not necessary on MRL, MRM 


Parity 


1 /address 
1 /data transfer 


Send data par with delayed write transactions 


Data 


32 


Data queued on delayed write transactions. 


Lock 


1 




DAC Indication 


1 


Indicates whether address is 32 or 64 bits 


Buff Num 


3 


Indicates DCQ buffer allocated for completion data 



Referring also to Figure 65, a valid flag logic block 2104 determines when the DRQ has received all of the infor- 
ms mation necessary to run the transactions in the queue memory 2100. When one of the DRQ slots is selected by a 
corresponding slot select signal (i.e., select, zero for the first slot, select_one for the second slot, and select _two for 
the third slot) and the slot is validated by a vaiidate_slot signal, indicating that the cable decoder has finished delivering 
the transaction to the DRQ, a valid signal corresponding to the slot (i.e., q0_valid, q1_valid, or q2_valkJ) is asserted at 
the rising edge of the next PCi clock (CLK) cycle, if a slot is not selected and validated by the validate, siot signai, the 
30 slot's valid signal is deasserted if the QPIF has selected the slot by asserting a DRQ select signal (q2pif_drq_select) 
and identifying the slot (q2pif_queue_select = slot number) but has aborted the transaction by asserting a cycle abort 
signal (q2piLabort_cycle). The valid signal also is deasserted if the DRQ ends the transaction by asserting a cycle 
-complete signal (e.g., qO_cycle_complete) while the QPIF is waiting for more data (i.e., q2pif_next_data is asserted). 
However, the cycle complete signal is ignored if the QPIF is currently streaming data to the other bridge chip (Le., 
35 q2pif_streaming is asserted). Otherwise, if the slot 1 s valid signal is not specifically asserted or deasserted on a clock 
cycle, it retains its current value. The valid flag logic block 2104 also generates a DRQ valid signal (drq_valtd(3:0]) that 
indicates which, if any, of the three DRQ slots contains a valid transaction, by combining the valid signals for each 
individual slot (i.e., drqj/alkJ = {0, q2_vatid, q1_valkJ, q0_valid}). Gates 2106, 2108, 2110, 2112, and 2114, multiplexers 
2116 and 2118, and flip-flop 2120 are arranged to generate the slot valid signals and the DRQ valid signals in this 
40 manner. 

The DRQ also includes pointer logic blocks that maintain pointers to the memory locations from which data is to 
be read during a delayed read request transactions. When the address at which the delayed read transaction will begin 
is loaded into the queue memory 2100, a valid pointer logic block 2122 generates a six bit valid pointer that indicates 
where the transaction will end. If the transaction involves a single word (e.g., a memory read), the valid pointer logic 

45 2 122 sets the valid pointer equal to the address loaded into the queue memory 2100. For a memory read line transaction, 
the valid pointer logic 2122 gives the valid pointer a value of "000111 ", which indicates that the last valid piece of data 
is eight dwords (i.e., one cache line) beyond the starting point. For a memory read multiple transaction, the valid pointer 
is set to "111111", which indicates that the last valid piece of data is sixty-four dwords (i.e., eight cache lines) beyond 
the starting point The valid pointer logic 2122 maintains one valid pointer for each slot in the DRQ (valid_pointer_0[5: 

so 0] , valid _pointer_1 [5:0], and valid_pointer_2[5:0]). The location of the valid pointer is ignored by the DRQ when it 
receives a streaming signal from the QPIF (q2pif .streaming), as described in more detail below. 

An output pointer logic block 2124 maintains three output pointers (output _pointer_0(5:0], output_potnter_1[5:0], 
and output_pointer_2[5:0]), one for each slot in the DRQ, that indicate the next word of data to be read from memory 
and delivered to the other bridge chip. The pointer is incremented when the QPIF indicates that it is ready to read the 

55 next piece of data (i.e. , it asserts the q2pif_next_data signal), once for every word read. Except in streaming situations, 
a transaction is terminated (completed) when the output pointer reaches the valid pointer. If a transaction terminates 
before all of the data is read (i.e., before the output pointer reaches the input pointer), the QPIF will pick up at the 
location indicated by the output pointer when the transaction resumes. If the output pointer is incremented but the 
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reach the requesting device because the transaction was terminated by a device other than the QPIF, the QPIF asserts 
a stepback signal (q2piLstep_back) that causes the output pointer logic block 2140 to decrement the output pointer 
by one word. 

The third pointer block, a valid pointer logic block 2142, maintains for each of the eight data buffers a six bit valid 
pointer (valid_pointer_0J5:0], valid_pointer_1[5:0), etc.) that indicates the next word of data in the corresponding data 
buffer that is available to the QPI R Because the PCI Spec 2. 1 requires that read completion data not be returned before 
an earlier-initiated posted memory write transaction, delayed completion data placed into the DCQ while a posted 
memory write is pending in the PMWQ cannot be made available to the requesting device until the posted memory 
write is completed on the PCI bus and removed from the PMWQ. Therefore, as long as any earlier^enqueued posted 
memory write transactions remain in the PMWQ, the valid pointer must remain at its current position. Then, when all 
earlier-enqueued posted memory writes have been removed from the PMWQ, the valid pointer may be moved to the 
same position as the in pointer. When the PMWQ is empty, all delayed completion data is valid (i.e., available to the 
requesting device) as soon as it is stored in the DCQ. 

Referring also to Figures 67A and 67B, the valid pointer logic block 21 42 must ask the master cycle arbiter (MCA) 
to validate all delayed completion transactions that enter the delayed completion queue while a posted memory write 
is pending in the PMWQ. But because the MCA can enqueue no more than four delayed completion transactions at 
once, as discussed below, the valid pointer logic block 2142 may request validation of no more than four delayed 
completion data buffers at once. The valid pointer logic block 21 42 also must keep track of which four delayed com- 
pletions transactions are enqueued in the MCA at any given time. To do so, the valid pointer logic block 21 42 maintains 
two four-slot registers: a DCQ buffer number register 2144 and a validation request register 2146. The buffer number 
register 2144 maintains the three-bit DCQ buffer number, as determined by the DCQ buffer number signal 
(cd_dcq_buff_num[2:0]) provided by the cable decoder, of each delayed completion transaction enqueued in the MCA. 
The validation request register 21 46 maintains one transaction validation request bit for each of the DCQ buffers whose 
numbers are stored in the four slots 2148a<J of the buffer number register 2144. The request bit in each slot 2150a«J 
of the validation request register 2146 is asserted if a corresponding delayed completion transaction is enqueued in 
the MCA. The values of the bits in the four validation request slots 21 50a<J are provided together to the MCA as a four 
bit validation request signal (dcq_vaiid[3:0J). 

When a delayed completion transaction is to be enqueued in the MCA its corresponding DCQ buffer number is 
loaded into one of the buffer number slots 21 48a-d by the cd_dcq_buff_num[2:0] signal. The slot 21 48a-d to be loaded 
is selected by a two bit selection signal (next_valid_select[1 :0]). The value of the selection signal depends upon the 
value of the dcq_valid[3:0] signal generated by the validation request register 2 1 46 and look-up table 21 52, the contents 
of which are shown in the table below. The slot is loaded when it is selected by next_valid_select[1 :0], when the cable 
decoder has selected the DCQ and has completed the transaction (i.e., cd_dcq_select and cd_coraplete are asserted), 
and when at least one posted memory write transaction is pending in the PMWQ (i.e., pmwq_.no_pmw is not asserted). 
Gates 2154, 2156, 2158, 2160, and 2162 and 2x4 decoder 2164 are arranged to load the buffer number register 2144 
in this manner. Likewise, the corresponding bit in the validation request register 21 46 is set by the output of gates 21 54, 
2156, 2158, 2160, and 2162 and 2x4 decoder 2164. 
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In response to the dcq_valid[3:0] signal, the MCA outputs a four bit DCQ run signal (mca_run_dcoJ3:0]) that indi- 
so catss wh'cn of the DCQ buffers pointed to by the buffer number register may have its valid pointer updated. The 
mca_runjjcq{3:0] signal is provided to a valid pointer update logic block 2166, along with the pmwq_no_pmw signal 
and the in pointers for each of the eight data buffers. If a posted memory write transaction remains in the PMWQ after 
the MCA asserts one of the mca_run_dcq[3:0] bits (which will happen when a posted memory write transaction was 
enqueued after the delayed completion transaction was enqueued but before the MCA asserted the corresponding 
^ mca_jun_dcq bit), the corresponding valid pointer is updated as long as no other delayed completion transactions 
corresponding to the same DCQ buffer are still enqueued in the MCA. If a delayed completion transaction for the same 
DCQ buffer is still enqueued in the MCA, the valid pointer may be updated only when the mca_run_dcq bit corresponding 
this transaction is asserted. On the other hand, as soon as the pmwq__no _pmw signal is deasserted, all valid pointers 
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CPU), this feature is disabled in the upstream chip. Gate 2190 and multiplexer 2192 are arranged to generate the 
q2a_stream and q2a_stream_master signals. 

When a requesting device hits a delayed completion message stored in the DCQ, the corresponding bit of an eight 
bit hit signal (hit(7:0J) is asserted. The hitf7:0] signal indicates which of the eight DCQ buffers was hit by the current 
5 request. When this happens, if the corresponding DCQ buffer contains data (i.e., dcq_no_data is not asserted), the 
stream logic 2180 latches the value of the hit signal for the duration of the transaction (i.e., as long as 
q2prf_cyc_complete is asserted). The latched version of the hit signal forms a "delayed" hit signal (dry_hitI7:0]). When 
either the hit signal or the delayed hit signal indicates that a DCQ buffer has been hit, a three bit DCQ stream buffer 
signal (dcq_stream_buff[2:0]) provides the buffer number of the hit DCQ buffer. Then, if the cable decoder places 

10 delayed completion data into the buffer while the cycle that hit the buffer is in progress (i.e., cd_dcq_seiect is asserted 
and cd_dcq_buff_num[2:0] equals dcq_stream_buff[2:0]), the stream logic block 2180 asserts a stream connect signal 
(dcq_stream_connect) that tells the QPIF that a stream has been established. The QPIF then informs the bridge chip 
on the target bus that a stream has been established. If certain conditions are met, the target QPIF will continue to 
stream until it is told to stop by the initiating QPIF, as discussed in more detail bebw. Gates 21 94 and 21 96, multiplexers 

is 21 98 and 2200, and flip-flop 2202 are arranged to generate the delayed hit signal. Gates 2204, 2206, and 2208 and 
encoder 2210 are arranged as shown to generate the dcq_stream_connect and dcq_stream_bu1f[2:0] signals. 

Referring again to Figure 66, the DCQ will, under certain circumstances, automatically prefetch data from the target 
bus on behalf of a PCI master in anticipation that the master will come back and request the data. A prefetch logic 
block 2212 in the DCQ prefetches data when the reading master consumes ail of the data in its DCQ buffer and the 

20 prefetch logic 2212 anticipates that the requesting device will return with a sequential read request (i.e., a request that 
picks up with data located at the next sequential location in memory). Because some devices, such as multi-threaded 
masters, routinely read all of the data requested in one transaction and then return with a different, non-sequential 
request, the prefetch logic 2212 includes prediction circuitry that disables the prefetch capabilities for each device on 
the PCI bus until the device has shown a tendency to issue sequential read requests. As soon as a device that has 

25 been receiving prefetched data returns with a non-sequential read request, the prediction circuitry will disable the 
prefetching function for that master. 

Referring also to Figures 69A and 69B, the prefetch logic block 221 2 includes a prefetch prediction register 221 4, 
the output of which is an eight bit prefetch enable signal (prefetch_set[7:0]) that governs whether the prefetch function 
is available for each of the devices on the PCI bus. All bits in the prefetch enable signal are cleared at reset (RST) and 

30 when the QPIF orders a general flush of all of the DCQ registers (i.e., general_flush is asserted and q2pif_slot[2:0] 
equals °000°). The general_flush signal is discussed in more detail below. Gates 2216 and 2218 generate the signal 
that resets the prefetch.set bits. 

An individual bit in the prefetch enable signal is set when the corresponding PCI slot is selected by the q2pif_slot 
signal and the following conditions occur the requesting device hits a delayed completion buffer in the DCQ (i.e., one 

35 of the bits in the cycle_hit[7:0] signal is asserted), the current transaction is a memory read line or memory read multiple 
cycle (i.e., q2pif_cmd[3:0] equals "1100" or "11110"), the QPIF has indicated that the cycle is complete (i.e., 
q2pif_cyc_complete is asserted), and the last word of data was taken from the DCQ buffer (i.e. , last_word is asserted). 
Gates 2220, 2222, 2224 and 2228a-h and decoder 2226 are arranged to set the prediction bits in this manner. The 
last_word signal is asserted by the prefetch logic 2212 when the requesting device tries to read past the end of the 

40 DCQ buffer. This occurs when the out pointer and in pointer are equal, indicating that the end of the DCQ buffer has 
been reached (i.e., for a four cache line buffer, out_pointer_x[4:0] equals valid_pointer_x(4:0] or, for an eight cache 
line buffer, out_pointer_x[5:0] equals valkj_pointer_x[5:0]) and when the requesting device tries to read another piece 
of data (i.e., q2pif_next_data is asserted). Gates 2230, 2232, and 2234 are arranged to generate the last_word signal. 
An individual bit in the prefetch enable signal is cleared when the corresponding PCI slot is selected and either a 

<s PCI flush condition occurs (p2q_flush is asserted), the QPIF tells the DCQ to step back the buffer's valid pointer 
(q2p_step_back is asserted), or the requesting device initiates a transaction that misses alt of the DCQ buffers 
(q2pif_check_cyc is asserted and dcq_hit is deasserted). Gates 2236, 2238, and 2240a-h and decoder 2226 are ar- 
ranged to clear the prediction enable bits in this manner. 

When the prefetching function is enabled for a device on the PCI bus, the prefetch logic 2212 can generate two 

so types of prefetch signals for the device: a prefetch line signal (dcq_prefetch_line) and a prefetch multiple signal 
(dcq_prefetch_mul). The prefetch line signal is generated when the current PCI command from the requesting device 
is a memory read line signal, and the prefetch multiple signal is generated when the current PCI command is a memory 
read multiple signal. In either case, the corresponding prefetch signal is generated when the following conditions occur 
the prefetch_set bit for the requesting PCI 6lot is set; a corresponding prefetch enable bit in the configuration registers 

55 j 8 set (cfg2q_auto_prefetch_enable); the DRQ in the upstream chip is not full (!tc_dcjull); the DCQ buffer has room 
for the corresponding amount of prefetch data (ldcx^no^refetch_room); the current cycle hit the DCQ buffer; and the 
requesting master has tried to read past the end of the DCQ buffer (last_word and q2pif_cyc_complete). Gates 2242, 
2244, 2246, 2248, 2250, and 2252. decoder 2254, and multiplexers 2256 and 2258 are arranged to generate the 
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When a device on the PCI bus initiates a delayed read request and a DCQ completion buffer is set aside, the buffer 
state logic 2264 changes the buffer's stale to PartComplete. If the DCQ initiates a prefetch read, the buffer state is 
changed to PartPrefetch. When the last piece of completion data arrives, the buffer's state is changed from PartCom- 
plete or PartPrefetch to Complete or Prefetch, respectively. When the requesting device resubmits a retried read request 

5 and hits the buffer, any valid completion data is given to the master if the buffer is in the Complete, Prefetch. PartCom- 
plete. or PartPrefetch state. If the master does not take all of the data before disconnecting, the buffer's state is changed 
to Prefetch or PartPrefetch to indicate that the unclaimed data is considered to be prefetch data If the master takes 
the last piece of data when the buffer is in the Complete or Prefetch state, the buffer's state is changed to Empty. 
If a flush signal is received while a buffer is in the Prefetch state, the prefetch data in the buffer is discarded and 

10 the buffer state is changed to Empty. If a flush event occurs while the buffer is in the PartPrefetch state and completion 
data is still arriving, the buffer is changed to the Discard state until all of the prefetch data arrives. When the transaction 
is complete, the prefetch data is discarded and the buffer state is changed to Empty. If the buffer is in the Complete or 
PartComplete state when a flush signal is received, the completion data is left in the buffer and the buffer state remains 
unchanged. If the flush signal occurs because the corresponding PCI device has issued a new request (i.e., a request 

is that is not currently enqueued and that •misses'' all of the completion buffers), as discussed below, the DCQ allocates 
a new buffer for the transaction, as discussed above. Therefore, a PCI device may have more than one completion 
buffer allocated. Multiple buffers may be allocated to a PCI device when the device has a buffer containing or awaiting 
completion data (i.e., the buffer is in the Complete or PartComplete state) and the device issues a new request Because 
multi-threaded devices are the only devices that can maintain multiple transactions at once, only multi-threaded devices 

20 can have multiple completion buffers reserved simultaneously. 

MASTER CYCLE ARBITER 

The Master Cycle Arbiter (MCA) determines the execution order of posted memory write and delayed request 

2S transactions while maintaining the ordering constraints between posted memory write, delayed request, and delayed 
completion cycles set forth in the PCI Spec 2. 1 . According to the PCI Spec 2. 1 , the MCA must guarantee that executed 
cycles maintain strong write ordering and that no deadlocks occur. To ensure that no deadlocks will occur, posted 
memory write cycles must be allowed to pass earlier enqueued delayed request cycles, and to maintain the required 
ordering constraints, delayed request cycles and delayed completion cycles must never be allowed to pass earlier- 

30 enqueued posted memory write cycles. 

Referring to Figure 70, the MCA uses two transaction queues, a transaction run queue (TRQ) (or transaction 
execution queue) 2270 and a transaction order queue (TOQ) 2272. to manage cycles enqueued in the PMWQ, DRQ. 
and DCQ. An MCA control block 2274 receives transactions from the PMWQ, DRQ, and DCQ in the form of four bit 
validation request signals (pmwo^valid[3:0], drq_vaiid[3:0], and dcq_valid[3:0]) and outputs run commands in the form 

35 of four bit run signals (mca_run_pmwq[3:0], mca_run_drq[3:0], and mca_mn_dcq[3:0]). The transactions are moved 
into and out of the TRQ 2270 and TOQ 2272 by a TRQ control block 2276 and a TOQ control block 2278, respectively. 

Referring also to Figure 71 , the TRQ 2270 is the queue from which the MCA determines the transaction execution 
order. Transactions in the TRQ 2270 can be executed in any order without violating the transaction ordering rules, but 
once a posted memory write cycle is placed in the TRQ 2270, no other cycle can be placed in the TRQ 2270 until the 

40 posted memory write is removed. Transactions in the TRQ 270 are tried in circular order and generally are completed 
in the order they were, received. However, if a transaction in the TRQ 2270 is retried on the PCI bus, the MCA may 
select the next transaction in the TRQ 2270 to be tried on the PCI bus. Because delayed completion transactions are 
slave cycles rather than master cycles, they are never placed in the TRQ 2270. Furthermore, because delayed com- 
pletion information may be made available to the requesting device as soon as it enters the DCQ if no posted memory 

45 write cycles are pending in the PMWQ, delayed completion transactions are placed in the TOQ 2272 only when a 
posted memory write cycle is pending in the TRQ 2270, as discussed in more detail below. 

The TRQ 2270 is a circular queue that holds up to four transactions at once. Because the MCA must always be 
able to run at least one posted memory write transaction to preserve the required ordering constraints, the TRQ 2270 
can never hold more than three delayed request transactions at once. Furthermore the TRQ can hold only one posted 

so write transaction at a time because posted writes cannot be passed by any later-initiated transaction, including other 
posted writes. Each slot 2280a-d in the TRQ 2270 contains three bits of information: a one bit cycle type indicator 2282 
(which equals "1 1 for posted memory write transactions and "0' for delayed request transactions), and a two bit valid 
pointer 2284, the four possible values of which identify which of the buffers in the PMWQ or the DRQ the enqueued 
transactions occupy. The TRQ 2270 also includes an input/output enable block 2286 that determines when a transaction 

55 may be moved into or out of the TRQ 2270, an input logic block 2288 that controls the placement of a transaction into 
the TRQ 2270, and an output logic block 2290 that controls removal of a transaction from the TRQ 2270. These logic 
blocks contain standard queue management circuitry. 

A circular input pointer 2292 selects the next available slot for placement of an incoming transaction. The input 
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When a delayed request transaction or posted memory write transaction is popped out of the TOQ 2272, the 
transaction is placed in the TRQ 2270 to await arbitration. But because delayed completion transactions are target 
transactions and not master transactions, delayed completions are not placed in the TRQ 2270. Instead, delayed 
completions are simply popped out of the TOQ 2272 and used to validate the corresponding data in the DCQ data 

s buffers. However, as long as a posted memory write transaction is enqueued in the TRQ 2270, all delayed completions 
must be placed in the TOQ 2272, even when two or more delayed completions correspond to the same delayed request 
and therefore the same delayed completion bufler, as described above. 

Referring to Figures 73A through 730, the MCA control block 2274 controls the flow of transactions through the 
MCA. As discussed above, the PMWQ, DRQ, and DCQ request validation of transactions held in the queues by pro- 

10 viding four bit validation signals pmwq_valid[3:0], drq_valid[3:0], and dcq_validl3:0], respectively, to the MCA. Among 
these signals, only one bit can change during each clock pulse since only a single new transaction can be placed into 
the queue block on each clock pulse. Therefore, the MCA control block identifies new validation requests by watching 
for the changing bits in the pmwq_valid, drq_valid, and dcq_valid signals. To do so, the MCA control block latches and 
inverts each signal at the rising edge of every PCI clock to create a delayed, inverted signal and compares the delayed, 

is inverted signal to the current signal (i.e., the signal at the next clock pulse). Since only a newly changed bit will have 
the same value as its delayed and inverted counterpart, the MCA control block is able to detect which bit changed. 
Using flip-flops 2340, 234a and 2344 and gates 2346, 2348, and 2350, the MCA controller generates new^mwq_vaUd 
[3:0], new_drq_valid[3:0], and new_dcq_valid[3:0] signals which, at each clock pulse, together identify whether the 
PMWQ, DRQ, or DCQ. If any, submitted a new transaction for validation and which buffer in the corresponding queue 

20 contains the new transaction. Referring also to Figure 74, the MCA control block uses a look-up table 2352 to convert . 
the twelve bits of the new _pmwq_valid, new_drq_valid, and new_dcq_yalid signals into the two bit d_valioJ1:0] and 
d_cyctype[1:0] signals provided to the TRQ and TOQ, as discussed above. 

The MCA controller enables the TOQ by latching the toq_enabled signal to a value of '1 * when either the trqj>mw 
is asserted, indicating that a posted memory write cycle is enqueued in the TRQ, or when the toq_enable signal already 

25 is asserted and the TOQ is not empty (!toq_empty). Gates 2354 and 2356 and flip-flop 2358 are arranged to generate 
toq_enabled in this manner. 

The MCA control block asserts the newJoq_cycle signal, which instructs the TRQ to enqueue the cycle being 
popped out of the TOQ, when there was not a posted memory write cycle in the TRQ during the previous clock cycle 
(!s1 Jrq_pmw), when the TOQ is not empty (!toq_empty), and when the cycle being popped out of the TOQ is not a 
30 delayed completion transaction (!(toq_cyctypeo{1] = "DC")). The MCA controller uses gate 2360 to generate the 
new_toq_cycle signal. 

The next Joq_cycle signal, which is used to increment the TOQ output counter to the next cycle in the TOQ, is 
" asserted when the TOQ is not empty (ltoq_empty) and either when no posted memory write cycles currently are en- 
queued in the TRQ (!trq_pmw) and the next cycle in the TOQ is a delayed completion (toq_cyctype{1] = "DC - ) or when 
35 the next TOQ cycle is a posted memory write or delayed request transaction (!(toq_cyctype(1 ] = "DC")) and there were 
no posted memory write transactions during the previous clock cycle (!s1_trq_pmw). The control block uses gates 
2362, 2364, 2366, and 2368 to generate the next Joq_cycle signal. 

The MCA controller generates the m<»_run_dcoJ3:0] signal to indicate that a delayed completion transaction has 
been popped out of the TOQ. When the TRQ contains no posted memory write cycles (!trq_pmw), the TOQ is not 
40 empty (!toq_empty), and the TOQ cycle is a delayed completion (toq_cyctype [1] = "DC"), the mca_run_dcq[3:0] signal 
takes on the value of the decoded toq_valido(1 :0] signal, discussed above. Otherwise, the mca_run_dcoJ3:0] signal 
equals •0000'. Gate 2370, decoder 2372, and multiplexer 2374 are arranged to generate mca rrK»_run_dccf3:0] in 
this manner. 

The MCA control block generates new_mca_run_drt3:0] and new_mca_run_pmw[3:0l signals to indicate that it 
45 has a new delayed request transaction and a posted memory write transaction, respectively, to be enqueued. The 
new_mca_run_dr[3:0] signal takes on the value of the 2x4 decoded d_valido[1:0] signal, discussed above, when the 
new cycle is a delayed request cycle (d_cyctype[0] = "DR"). Otherwise, all bits of the new_rnca_run_dr signal are set 
to zero. Likewise, the new_mca_run _pmw{3:0) signal takes on the value of the 2x4 decoded d_valido(1 :0] signal when 
the new cycle is a posted memory write transaction and is set to "0000" otherwise. Decoders 2376 and 2380 and 
so multiplexers 2378 and 2382 are arranged to generate the new_mca_run_dr and new_mca_run_pmw signals in this 
manner. 

The MCA controller generates toq_mca_run_dr(3:0] and toq_mca_run _pmw[3:0) signals to indicate when a new 
delayed request transaction or posted memory write transaction, respectively, has popped out of the TOQ. The 
too^mca_run_drf3:0] signal takes on the value of the 2x4 decoded toq_valkJo(1 :0] signal when a delayed request cycle 
ss is popped out of the TOQ and a value of "0000' otherwise. Likewise, the toq_mca_run_pmw{3:0] signal takes on the 
value of the 2x4 decoded toq_valido(1 :0] signal when a posted memory write cycle pops out of the TOQ and a value 
of "0000* otherwise. Decoders 2384 and 2388 and multiplexers 2366 and 2390 are used to generate the 
toq_mca_run_dr and toq_mca_run _pmw signals in this manner. 
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signal from the PCI interface (p2q_ad[31 :2]) is loaded into the address register 251 2. The address register 251 2 outputs 
the address signal used by the QPIF (q2piLaddr[31:2]). The second register is a four bit command register 2514 that 
receives the PCI command code from the PCI bus (p2o.cmd[3:0]) and outputs the QPIF command signal (q2pif_cmd 
[3:0]). The third register is a three bit slot selection register 2516 that receives the p2q_sk>t{2:0] signal indicating which 

5 PCI device is the current bus master and outputs the QPIF slot selection signal (q2pif_slot(2:0]). 

When the address phase of the PCI transaction ends, the slave state machine 2502 asserts a data phase latching 
signal (regJatch_second_request) indicating that the data phase information should be latched from the PCI bus. At 
the next falling edge of the PCI clock signal, the asserted regjatchjirst_request signal causes a delayed data phase 
latching signal (dly_regJatch_second_request) to be asserted. When both the original and the delayed data phase 

10 latching signals are asserted, the latching logic 2506 generates a second latching signal (Iatch2). Flip-flop 251 8 and 
gate 2520 are arranged to generate the second latching signal in this manner. 

The latching logic 2506 then loads the data phase information from the PCI bus (via the PCI interface) into three 
data phase registers when the second latching signal is asserted. The first data phase register is a thirty-two bit data 
register 2522 that receives the data associated with the current transaction on the PCI address/data lines (p2q_ad[31 : 

15 0]) and outputs the QPIF data signal (q2pif_data(31 :0]). The second data phase register is a four bit enable register 
2524 that receives enable bits from the PCI bus (p2q_cbe{3:0]) and outputs the QPIF byte enable signal (q2pif_byte_en 
[3:0]). The third register is a three bit lock register 2526 that receives the PCI lock signal (p2q_lock) indicating that the 
current transaction should be run as a locked transaction and outputs the QPIF lock signal (q2pif_tock). 

Referring again to Figure 75 and also to Figure 77, the QPIF includes a "tack" logic block 2528 that controls the 

20 -lock' state of the QPIF. The QPIF has three lock states: an unlocked state 2530 (tock_state(1 :0] = ■00") that indicates 
that no locked transactions are pending in the DCQ; a locked state 2532 (loek_statef 1 :0] = "01 ) indicating that a locked 
transaction has been received in the DCQ or is completing on the PCI bus; and an unlocked-but-retry state 2534 
(lock_state[1:0] = "10") that indicates that the lock has been removed but that a posted memory write transaction 
pending in the other bridge chip must be run before the next transaction can be accepted. 

2S At power-up and reset, the lock logic 2528 enters the unlocked state 2530 and warts for a locked transaction to 

enter the DCQ (indicated by the assertion of the deadlocked signal). At the first clock pulse after the dcqjocked signal 
is asserted, the lock logic enters the locked state 2532, which forces the QPIF slave state machine 2502 to retry all 
transaction requests from the PCI bus. The PCI interface also asserts a lock signal (p2q_lock) that indicates it has 
locked the PCI bus for the transaction. After the locked transaction has completed and the requesting device has 

30 retrieved the locked completion data from the DCQ, the deadlocked signal is deasserted. At the first clock pulse after 
the dcqjocked is deasserted, while the p2qjcck signal is still asserted, if no posted memory writes are pending in 
the other bridge chip (i.e., the pmw_empty signal is asserted by the cable decoder), the lock logic 2528 returns to the 
unlocked state 2530 and the slave state machine 2502 again is able to accept transaction requests. However, if the 
pwm_empty signal is not asserted at the first clock pulse after the dcajock signal is deasserted, the lock logic 2528 

3$ enters the unlocked-but-retry state 2534, which forces the slave state machine 2502 to retry all transactions until the 
posted memory write cycle is completed on the other PCI bus. After the posted memory write cycle is complete, the 
pwm_empty signal is asserted, and the lock logic 2528 returns to the unlocked state 2530. 

Referring again to Figure 75 and also to Figure 78, the QPIF includes buffer flush logic 2536 that determines when 
the DCQ should flush data from one or all of its data buffers. As discussed above, the PCI interface in the downstream 

40 chip generates a p2q_flush signal when the upstream chip issues an I/O or config write or a memory write that hits the 
target memory range register (TMRR) of a downstream device. The QPIF buffer flush logic 2536 asserts a QPIF flush 
signal (generaijlush) that flushes the corresponding data buffer or all data buffers (depending upon the value of the 
p2q_slot signal, as discussed above) when the p2q_flush signal is received. Otherwise, the buffer flush logic 2536 
asserts the general flush signal only when a device on the secondary bus issues a delayed request that misses all of 

45 the DCQ buffers when checked by the DCQ control logic (i.e., Idcqjiit and q2pif_check_cyc are asserted). In either 
case, the generaljtush signal is used to flush only buffers that are in the "prefetch" state, as discussed above. There- 
fore, prefetch data is held in the DCQ until the PCI interface orders a flush or until the corresponding PCI device issues 
a non-sequential request (i.e., misses the DCQ). Gates 2538 and 2540 are arranged to generate the general_flush 
signal in this manner. 

so When a multi-threaded device has more than one completion buffer allocated, at least one of which contains 

prefetch data, the prefetch data remains in the corresponding buffer as long as the device does not issue a request 
that misses all of the DCQ buffers. As soon as the device issues a new request, all of its prefetch buffers are flushed. 
Alternatively, a prefetch buffer associated with a multi-threaded device could be flushed as soon as the device issues 
a request that hits another DCQ buffer. 

ss Referring again to Figure 75, the QPIF includes a read command logic block 2542 thai receives read commands 

from the PCI interface and prefetch commands from the DCQ and provides an outgoing message command signal 
(message__cmd) to the cable. In non-streaming situations, the outgoing message command may be same as the com- 
mand received from the PCI bus or the DCQ, or the read command logic 2542 may convert the command into one 
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Referring to Figures 81 A through 81 C, the write command logic block 2566 generates a four bit write command 
signal (write_cmd[3:0]) indicating the command code of the posted write transaction to be executed on the PCI bus. 
If the command code stored in the PMWQ represents a memory write and invalidate command (pmwq_cmc(3] = "1 *), 
the write command logic 2566 generates a write command code of '1111*. If the PMWQ command code represents a 

5 memory write command, the write command logic 2566 looks at the memory-write-to-memory-write-and-invalidate 
configuration bit (cfg2q_mw2mwi) corresponding to the target PCI slot. If the cfc£q__mw2mwi bit is not set, the write 
command logic 2566 produces a memory write command ('0111 ■). If the configuration bit is set, the write command 
logic 2566 generates a MWI command if the next line in the PMWQ data buffer is full (pmwqj ulljine is asserted) and' 
generates a MW command otherwise. Multiplexers 2568 and 2570 are arranged to generate the write_cmd signal in 

10 this manner. 

When the QPIF is executing a transaction on the PCI bus and has reached a cache line boundary, the write com- 
mand logic 2566 may assert a new_write_cmd signal indicating that the current transaction must be terminated in favor 
of a new write command. If the transaction has reached the last cache line in the PMWQ data buffer (i.e. , pmwqjx>inter 
[5:3] equals "111"). the new.write command signal is asserted to indicate that the transaction should be terminated if 

*s the next PMWQ buffer is not an overflow buffer containing valid data, if the corresponding cfg2q_mw2mwi bit is not 
set, or if the f ulljine bits corresponding to the current cache line and the next cache line are dif erent (i.e., pmwqj ulljine 
[7] does not equal pmwq^nextjulljine). If the transaction has not reached the end of the PMWQ buffer, the 
new_write__cmd signal is asserted either if the next line in the PMWQ buffer does not contain valid data (! 
pmwo_validJine$[x+t]) or if the cfg2q_mw2mwi bit is set and the full line bits for the current line and the next line are 

20 different (i.e., pmwqjulljine|x] does not equal pmwqjulljinefx+1]). Gates 2572, 2574, 2576, 2578, and 2580 and 
multiplexer 2582 are arranged to generate the new_write command signal in this manner. 

After the new_write_cmd signal is asserted, the transaction is not terminated until the write command logic block 
2566 asserts a synchronous new write command signal (heW_new_write_cmd). The held_new_write_cmd signal is 
asserted at the first clock pulse after the new_write_cmd signal is asserted and the end_of Jine signal is asserted 

2S indicating that the end of the cache line has been reached, as long as the PCI interface has not terminated the trans- 
action (i.e., p2q_6tart_pulse is asserted). The held_new_wrrte command is deasserted at reset and at the first clock 
pulse after the new_write_cmd, end_of Jine, and p2q_start _puise signals are deasserted and the QPIF terminates the 
transaction (i.e., the asynchronous earty_cyc_complete signal is asserted). Otherwise, the heW_new_write_cmd signal 
retains its current value. Gates 2584 and 2586, inverter 2588, and flip-flop 2590 are arranged to generate the 

30 held_new_write_cmd signal in this manner. 

Referring again to Figure 75 and also to Figure 82A, the QPIF includes an overflow logic block 2600 that allows 
the master state machine 2500 to manage overflow data, if any, when executing a posted write transaction on the 
target bus. When the QPIF receives a transaction run signal (mca_run_pmw or mca_run_dr, discussed above) from 
the MCA, the overflow logic 2600 generates a two bit initial queue selection signal (start_queue_select[2:0]) indicating 

35 which of the buffers in the PMWQ or DRQ should be selected to run the current transaction. The following table shows 
how the start_queue_select signal is generated. 
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Creation of start_queue_select signal 


MCA Run Code {mca_run_pmw, mca_run_dr} 


8tart_queue_select 


00000001 


00 


00000010 


01 


00000100 


10 


00001000 


11 


00010000 


00 


00100000 


01 


01000000 


10 


10000000 


11 



When the QPIF is executing a posted write transaction on the target bus, a two bit QPIF queue selection signal 
(q2plf_queue_select[1 :0]) is used to select the appropriate buffer in the PMWQ. When the transaction is initiated, the 
master state machine 2500 asserts a queue selection signal (initlaLqueue_select) that causes the q2pif_queue_select 
signal to take on the value of the initial queue selection signal (start_queue_select). At the same time, a queue selection 
counter 2602 is loaded with the value of the start_queue_select signal. After the initial_queue_select signal is deas- 
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1 MASTS STATE MACHINE b 


5 


Carat 


1 


Next Stat* 


70 


IDLE 

DU 
IDLE 
IDLE 


| (aayjuadri *A to.de.fafl) 
1: plqjick AA q2».dM.flftf 
C: p2q.tck AA tsy_dti_raa 

D: p2*.tc*AA t(o>_d»c_fi«t | icy.dio^ro*) 


IDLE 

MA5TEE.DAC 
ID AT A 1 
WDATA1 




MASTHL.DAC 


E: P 2a M ackAAtqr.dn L naAAp2^MfijylM 
P: p2q_ Mk AA plqjun put* AA!iay.dfi.fiM 


RDATA1 
WD ATA 1 
IDLE 


IS 


RDATA1 


H: tp2t_Mk 

I: p2q-*c* AA p2q.«ait j*Um 


IDLE 
RBUS5T 
RDATA1 


20 
26 


RJURST 


JC !p2«utU | p2o_wtty | p2q_i«f|«.tbofi | 
(qiMM eye conptaiftAA !(lp2^W«.dphM*AA 
p2^aLur_dpb«» AA cd.ewea AA «M»jMteh AA 
!et^«nu3tiatbk)AA »p2qjrdy) I 
(r«*d_p*fa diecoooact AA lp2^_ody) 

L; p2^ack AA tpl^my AA lp2q_utfet_»bort AA 
ffraed dam disconnect AA p2a trdy) 1 (queue* eye. 
conyl** AA (( tp2q_lMi dphue AA &umm~Jpb*m 
AAcd Mf^AAiMm.m^AAlet^iMia.diMbU) 
1 p2<un*y)) | tp2q.trdy1 ottwwtM) 


IDLE 
RBU85T 


30 


WD AT A 1 


M: Ip^«*k | pl^miy | eJ*^M|eft_e*e«i 1 _ 
((queee eye eoavleu | held_Mw_wrM_cad | 
•e4_rf1iMAAMw.wiito.cMi | p2oJ**jipoeje 
| iFpIqJeoi dpMM)*A !p2o_jrdy) 

N: p^tck AA~l»3«_retiy AA tp2*Jtn«abo«t 

a> fauMM eve 1 )^L4 mm writ* Cfttd 1 

■ad.of.Uat AA Mw.wrke.cMi | p2*J**J&— 1 
■1 jOqJai^dpoMt) AA plqjt&y 


IDLE 
WDATAt 
WDATA2 


35 


WDATA2 


P: Iplq^tck | (pl^«ryAAfp2<Ltfdy) | p^tertet.eboci 
Q: p2q_«ek AA pZ^rary AA pl^mry 

E: p2q.sc.AA Ipl^wtty AA IpJo^iwioi.ebort AA 
(e^eM.cyt.eomptoce | 40d.of_liMAAMw.wnM_ 
cad)AA(ipla_a«y | p2q\utjuim) 

S:OdMTWiM 


IDLE 
WRETRY 

wsHOsr.Bimsr 

WDATA2 


40 


wjtrniY 


T: Alwtyt 


IDLE 


45 


WSH0RT_BUR5T 


U: lp2q.ee* I pla^reoy | p2q_teffe«.ebort 
V: p2q_eck AA Ip^iwiy AA JpO^ttffOi.Mon 

AA((oveftto*#.M».queuoAA lMW.wiM.cm4 

AAfp2^ttdy)| JrOo^rdy) 


IDLE 
WCOMPUETE 

WSHORTJJURJT 



SO 
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Then if the p2q__ack signal is deasserted. or if the QPIF transaction is retried by the PCI interface (p2q_retry is asserted), 
or if the PCI interface aborts the transaction (p2qJarget_abort is asserted), the master state machine terminates the 
transaction on the PCI bus. aborts the completion message on the cable, and returns to the IDLE state. When the 
p2q_ack signal is taken away, the master cycle arbiter continues to select the current transaction. But when the trans- 

s action is retried or aborted, the master state machine steps the MCA to the next transaction. 

While the p2q_ack signal is still asserted and the QPIF transaction is not retried or aborted, the master state 
machine nevertheless terminates the transaction and returns to the IDLE state 2700 if a 4K page boundary is reached 
and the PCI interface indicates that the target device has stopped taking data (p2qjrdy "» no longer asserted). If the 
target device took the last piece of data, the master state machine remains in the RBURST state 2708. 

w If the QPIF asserts the queue_cyc_complete signal indicating that the transaction has completed, the master in 
general will terminate the transaction and return to the IDLE state 2700 if the p2qjrdy signal is deasserted or remain 
in the RBURST state 2708 until the last dword of data is transferred if the p2qjrdy signal remains asserted. However, 
if the transaction is in the data phase and is not in the last data phase (p2q_master_dphase and !p2qjast_dphase) 
and a stream has been established with the other bridge chip (cd_stream and stream.match and! 

T5 C fg2q_stream disable), the master state machine will remain in the RBURST phase indefinitely. When the QPIF is 
streaming, the master state machine asserts a streaming signal (q2pif_streaming) that forces the QPIF to continue to 
provide data to the requesting device on the other PCI bus until that device terminates the transaction. 

If the p2q_ack signal remains asserted and neither the p2q_retry, p2qJarget_abort t or queue_cyc_cornplete sig- 
nals are asserted, the master state machine looks at the p2q_trdy signal. If the signal is not asserted, indicating that 

20 the target device has taken or provided the last piece of data, the master state machine asserts its next data signal 
(early_nexLdata), which indicates that the QPIF is ready to transfer another piece of data. The next data signal is 
asserted only if the transaction is not a corrected read (align_read is not asserted) or if the transaction is a corrected 
read and the read_data_start signal has been asserted. If the p2qjrdy signed is asserted, indicating that the target 
has not performed the last data transfer, the state machine remains in the RBURST state 2708. 

2S In the WDATA1 state 2706, the master state machine begins the data phase of a posted memory write transaction. 

If the p2q_ack signal is deasserted or the p2q_retry or p2qJarget_abort signals are asserted while the master state 
machine is in this state, the transaction is terminated on the PCI bus and the state machine returns to the IDLE state 
2700. When the p2q_ack signal is deasserted, the MCA remains on the current cycle; otherwise, the master state 
machine steps the MCA to the next transaction. 

30 If the p2q_ack signal remains asserted and the transaction is neither retried nor aborted, the master state machine 

must determine whether the write involves a single dword or more than one dword. If in the WDATA1 state the 
queue_cyc_complete signal is asserted, the held new write command signal is asserted, the encLofJme and 
** new_write_cmd signals are asserted, or the transaction has reached the last dword of data, the transaction involves 
a single dword. In this situation, the transaction terminates and the state machine returns to the IDLE state 2700 only 

35 when the target took the last piece of data (!p2q_trdy). Otherwise, the state machine remains in the WDATA2 state 
271 0 If the transaction involves more than one dword of data, the master state machine enters a WDATA2 burst data 
phase state 2710. Just before entering the WDATA2 state, the master state machine inserts a q2p_irdy wait state if 
the overftow_next_queue signal has been asserted. 

In the WDATA2 state 271 0, the master state machine bursts data to the PCI bus. If the p2q_ack signal is deasserted 

40 or the transaction is aborted by the PCI interface, the transaction is terminated in the QPIF and the master state machine 
reenters the IDLE state 2710. If the transaction is retried by the PCI interface but the PCI interface took the data 
provided (!p2Jrdy), the master state machine reenters the IDLE state 2700. Otherwise, the state machine enters a 
WRETRY stepback state 271 2 that steps the PMWQ out pointer back to the previous piece of data by generating the 
stepback signal discussed above. From the WRETRY state 2712, the state machine always reenters the IDLE state 

45 2700. 

If the p2q_ack signal remains asserted and the transaction is neither retried nor aborted, the master state machine 
determines whether the transaction is complete. If the QPIF indicates the end of the transaction (queue_cyc_complete 
is asserted) or the end of a cache line is reached and a new write axnmand is needed (end_of Jine and 
new_write_command are asserted), the state machine enters a WSHORT_BURST state 2714 when either the last 

so piece of data was taken (!p2Jrdy) or the PCI start pulse is received. In either case, only two dwords of data must be 
written to the PCI bus. Otherwise, the state machine remains in the WDATA2 state 2710. When the state machine 
enters the WSHORT_BURST state 2714, the QPIF frame_ signal remains asserted if the transaction can overflow into 
the next queue and a new write command is not needed. 

In the WSHORT_BURST state 2714, the master state machine prepares to write the final two dwords of data to 

ss the PCI bus. If the p2q_ack signal is deasserted or the cycle is retried or aborted by the PCI interface, the state machine 
terminates the transaction and returns to the IDLE state 2700. When the PCI acknowledge signal disappears or the 
cycle is aborted, the master state machine asserts the stepback signal to indicate that the PMWQ out pointer should 
be stepped back to the previous dword. When the transaction is retried by the PCI interface, the out pointer is stepped 
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(continued) 





Slave state transitions 




SLAVE STATE MACHINE 




5 


CURRENT STATE 


EVENT 


NEXT STATE 


70 




O: p2ct_qcyc&&(dcq_no_data&& !p2qjrdy || (pmw_counter(2] 
&&pmw_counter[1] 

&& pmw_counter[0] && read_disconnectJor_stream) 
P: otherwise 


TTOfctLFINAL 
HIT.DCQ 




HIT_DCQ_FINAL 


Q: !p2q_qcyc || !p2qjrdy 
R: otherwise 


SLAVEJDLE 
H!T_DCQ_FINAL 


15 


PMW1 


S: !p2q_qcyc 
T: otherwise 


SLAVEJDLE ! 
PMW1 



At reset the slave state machine enters an IDLE state 2720. in which the QPIF waits for a transaction be initiated 
by a device on the PCI bus. II a transaction initiated on the bus does not target the QPIF (q2p_qcyc is not asserted), 
the slave state machine continues in the IDLE state 2720. When a transaction on the PCI bus does target the QPIF, 
the slave state machine enters a SLAVE_DAC dual address cycle state 2722 it the p2q_dac Jlag is asserted and an 
address parity error has not occurred (p2q_perr_ is low). If the transaction is not a dual address cycle and is a posted 
memory write request, and if a parity error has not occurred in the address phase, the slave state machine loads the 
write counters (i.e., asserts load_write_counter) and determines whether it can accept the transaction. If the PMWQ 
in the other bridge chip is full (tc_dc JuJI is asserted by the DC transaction counter) or the DCQ is locked (dcqjocked 
is asserted) or the QPIF lock logic is in the unlocked-but-retry state (lock_state(t] equals T), the slave state machine 
terminates the transaction by asserting an asynchronous retry signal (early_retry) that is passed to PCI interface as 
q2pif_retry and remains in the IDLE state 2720. If the QPIF can accept the transaction, the slave state machine initiates 
the posted memory write message on the cable and enters a PMW1 state 2724, in which the transaction is forwarded 
up the cable. 

If the transaction is not a dual address cycle or a posted memory write request, the slave state machine loads the 
dword counter (asserts load_write_counter) and, if no parity error has occurred, analyzes the delayed request trans- 
action. If the transaction is a MRL or a MRM transaction and the QPIF lock logic is not in the unlocked-but-retry state, 
the slave state machine asserts the QPIF check cycle signal (q2ptLcheck_cyc), which instructs the DCQ to compare 
the latched request to the delayed completion messages in the DCQ buffers. If the request hits a DCQ buffer that is 
not empty (dcqjiit and !dccuno_data), the slave state machine enters a STEP_AHEAD state 2726 in which the QPIF 
begins delivering the requested information to the PCI bus. If the MRL or MRM request misses ail of the DCQ data 
buffers (!dcq_hit), the DCQ is not full (IdcqJ ull), the delayed request queue in the other bridge chip is not full (!tc_dr_f ull), 
and the DCQ and QPIF are not locked (!dcq_locked and !lock_state(1 )), the slave state machine asserts the q2pif_retry 
signal, forwards the request down the cable, and remains in the IDLE state 2720. If the request misses the DCQ and 
the request cannot the sent down the cable, the QPIF simply retries the requesting device and remains in the IDLE 
state 2720. 

If the delayed request is not a MRL or MRM transaction, a second clock cycle is needed to check the request 
because the data or byte enables must be compared to the contents of the DCQ buffers, so the slave state machine 
enters a SECOND_CHECK state 2728. If a parity error occurs or if the lock logic is in the unlocked-but-retry state, the 
state machine retries the requesting device and remains in the IDLE state 2720. 

In the SLAVE_DAC state 2722, the slave state machine receives the second half of the address phase information. 
If the requesting device has not targeted the QPIF, the slave state machine ignores the transaction and remains in the 
IDLE state 2720. When the QPIF is the target device, the state transition events are the same as those in the IDLE 
state 2720. Specifically, if the transaction is a posted memory write request and a parity error has not occurred, the 
slave state machine loads the write counters and determines whether it can accept the transaction. If the PMWQ in 
the other bridge chip is full (tc_pmwjull is asserted), the DCQ is locked, or the QPIF lock logic is in the unlocked-but- 
retry state, the slave state machine retries the requesting device and returns to the IDLE state 2720. If the QPIF can 
accept the transaction, the slave state machine initiates the posted memory write message on the cable and enters 
the PMW1 state 2724. 

If the transaction is not a posted memory write request, the slave state machine loads the dword counter and, if 
no parity error has occurred, analyzes the delayed request transaction. If the transaction is a MRL or a MRM transaction 
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Cable Message Generator State Transitions 




CABLE MESSAGE GENERATOR 




5 


CURRENT STATE 


EVENT _J 


NEXT STATE 


10 
15 


CABLEJDLE 


fic (send.message && q2pif_dac) || ((dccu>refetch_mul 

dcq_prefetch_line) && dcc^prefetch_dac) 

B: (send_message && !q2pif_dac) ((dcq_prefetch_mul || 

dcq_prefetch Jine) && \dcqj>rete\chjtec) || (dco^stream^connect 

&& !(ldrq_valid{3:0])) && (dcq_stream_conneci y !p<;q_acKu 

dcqj>f^etch Jine ( dcq_prefetch_mul) 

C: (send_message && !q2pif_dac) || «dcq_prefetch_mul fl 

dcq_prefetchjine) && !dcq_prefetch_dac)|| ((cteq_stream_connect 

&& !(ldrq_validt3:0]))&& !dcq„stream_connect && !(!p2q_ack Q 

dcqj> r ef etch_mul jj dexuprototch Jine) 

D: otherwise 


CABLE JDAC 
SLAVE_DPHASE 

MASTER_DPHASE 

CABLEJDLE 




CABLEJDAC 


E: !p2q_ack || dcq_prefetch_mul U dco^prefetch Jine 
F: otherwise 


SLAVEJDPHASE j 
MASTER JDPHASE 


20 
25 


MASTER JDPHASE 


G: send_message &&q2pif_dac 
H: send_message && !q2pif_dac 

1: !send_message &&(earlyjast_master_data && !p2q_trdy || 

master_abort_cable) 

J: otherwise 


CABLE J3AC 
SLAVE_DPHASE 
CABLEJDLE 1 

MASTER_DPHASE 


30 


SLAVE_DPHASE 


K: [!(dro_stream_connect &&!(ldrq_valid[3:0]&&p2q_qcyc)] && 
[(d!y_read_request || dly_sing!e_write_request [j dcq_pre^tch_mu! 3 
dcqjarefetchjine)] H 

L: early Jast_slave_data|| dcq_stream.connect &&!(ldrq_valid[3.0]) 
&&p2cuqcyc and otherwise 


CABLEJDLE 
SLAVE_DPHASE 



At reset the cable message generator enters the IDLE state 2740, in which it waits for transaction information to 

35 arrive from the master or slave state machines. From the IDLE state 2740, if the cable message generator receives a 
prefetch multiple signal (dcq_prefetch^mul) or a preletch line signal (dcq_prefetchjine), the cable address signal 
(early_cad[3V2]) equals the prefetch address signal (dcq_prefetch^addrt31:2]). Otherwise the early_cad[31:2] signal 
takes on the value of the QPIF address signal (q2pif_addr[31 :2]). When the cable message is initiated by the master 
state machine, the message is a delayed completion message, so the command code (eariy_ccbe[3:0]) equals '1 001". 

40 When the cable message is initiated by the slave state machine, the command code takes on the value of the 
message_cmd[3:0] signal, discussed above. 

If the send_message signal is asserted, indicating that either the master state machine or the slave state machine 
has initiated a message, and the corresponding transaction is not a dual address cycle, or If the cable message gen- 
erator receives a prefetch request that is not a dual address cycle, or if the cable message generator receives a stream 

45 connect signal and no delayed requests from the CPU are pending in the downstream DRQ, the cable message gen- 
erator asserts a sent_pmw signal that indicates that a posted memory write request from the PCI bus will be sent down 
the cable. The sent _pmw signal is not asserted if a stream has been established by the DCQ. The cable message 
generator asserts a sent_dr signal when a read request or delayed write request is received from the slave state 
machine or a prefetch signal is received and when a stream has not been established by the DCQ. 

so If the DCQ has established a stream (dcq_stream_connect is asserted), the buffer number for the cable eignaJ 

(earty_cbuff[2:0]) takes on the value of the DCQ stream buffer (cteq_streamJ>uff[2:0J), the cable command code 
(eanV_ccbe[3:0]) is set equal to "1000", and the cable message generator enters the SLAVE J3PHASE state 2746. 
Otherwise if the QPIF is in the slave mode and the cable message generator receives either a prefetch multiple or a 
prefetch line signal, the cable buffer signal takes on the value of the DCQ buffer number (dcq_buff[2:0J) and the cable 

55 message generator enters the SLAVE JDPHASE state 2746. Otherwise, the QPIF is operating in the master mode and 
the cable message generator enters the MASTERJ3PHASE state 2744. 

When the cable message generator receives the send_message signal and a transaction that is a dual address 
cycle, or when it receives a prefetch request that is a dual address cycle, the message generator enters the 
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PLL 180 locks to an incoming clock PCICLK2 from a clock buffer 181 

In the ensuing description, a '1 X clock' refers fo a clock havmg the same frequency as the clock PCICLK1 white 

me PLL 184 or 180 (in the bridge chip 26 or 48, respectively) is used for the corresponds bridge ch.ps PCI bus 
e , 2^ i^ieaor 190 and the 3X clock PCLK3 is used to run the cable message generation logic .n the master 

SSSECUttSSm downstream) and to generate a IX clock CCLK and a 3X clock CCLK3 to «*ture incoming 
SSlSS outputs of the PLL 1 86 or 182 are routed to the slave cable interface 1 96 or 1 98 respect^ 
^nePLLsare arranged in the layout to balance the 1 X and 3X clocks as ctosely as possible to rn.mm.ze the skew 

W T JTf 84 or 180 generates a phase indicator signal PCLKPHI1 . whch indicates to master^e^mrface 
1 92 or 1 94 when the first phase of data should be presented to the cabte 28. On the upstream sKle, 1 
te te^ed onthe PCI clock PCICLK1 ; on the downstream side, the signal PCLKPH1 1 is based on l^J^h^j. 
The PLL 186 or 182 generates a phase indicator signal CCLKPHI1 , based on the cable clock CABLE.CLK1 or 
55w_o£ to indiite to the slave cable interface 196 or 198 when the first phase of data has come down the 

PC. dock PCICLK2 lor the secondary PCI bus 32 is generated oft a 1 X clock BUFCLK of the PLL 182 in the 
down^treambridgech^48.TheckxkBUFCLK drives the ckxkbufier 181 trough a driver 179 The bu^er^ 
f separate ctock signaTfor each of the sbc slots on the secondary PC. bus 32 asweflas the ctock 
routed back as the bus input clock to the downstream bridge chip 48. By ba SI ng the ckxk PCLK on the dockPC^ 
Sedock buffer 181 me clock schemes of the upstream and downstream chps are made to appear more sm.lar 

cycle ^ime gri'eT than or equal to 30 ns; clock high time greater than 11 ns; clock tow tbn. greater than or equal to 

the ctock CABLE CLK1 (through the master interface 192) down the cable 28. when » then locked to by the down- 
strlanTpLL island PLL 180. The downstream PLL 180 then sends the ctock CABLE.CLK2 back upstream to be 

locked to by the PLL 186. The system is not completely operational until all four PLLs have acquired lode 

Tthe upTeam bridge chip 26 powers up and the downstream bridge chip 48 is not yet turned on the upstream 
bridge *ipX bTaves as a PC.-PcTbrtoge with nothhg connected to its downstream bus (the cabte 29), As , uesu* 
Ihe ^stream bridge chip 26 does not accept any cycles until the downstream brdge ch.p 48 » powered on and the 
35 unstream PLL 186 has acquired 'lock* from the cable ctock CABLE_CLK2. 

P TTupst^am bridge 2* 26 floats all of its PCI output buffers and state machines asynchronous* wrth asserton 
of theTCI rase l signal PCIRST1 on the primary bus 24. During reset, the PLL 184 may be attempts to acqu.re lock 

Z at least 100 ps after the PC. bus clock becomes stable, the PLL 184 has 

The dov^tVeam bridge chip 48 resets all interna, state machines upon detection of the pnmary bus PCIRST1. 
signal re^Tthe downstream bridge chip 48 also asserts a s.ot*pecific reset to each slot on the secondary 
PCI bus 32 as well as a secondary PCI bus reset signal PCIRST2_. 

Referring to Figure 6 each PLL includes a voftage^ontrolled oscillator (VCO) 200 generating an output 201 (the 
3X SSSSmSnS^ (for a 25-Mhz PC. bus) and 100 Mhz (for a 33-Mhz PC. bus). The VCO 200 recedes a 
Serene c£k ?97. which is the PC. bus ctodc Each PLL has a lock dete^ drcuit 205 a lock 

indication bit that the PLL phase is locked to its reference accurately enough to perform rts Wended ^°«. 

The lock indfcatton bits are written to a status register in the configuration space 105 or 125 of each bridge chip 
On to Jm-n side, a power-good/lock status bit is transmitted to the upstream bridge chto 26 to nMM 
Z main events of the doTstre^ibTtoge chip 48 are stable (power is stable) and the down™ PLLs are locked 
riikTndiSion bis of the two PLLs are active). The lock Mteatton bit is also gated with the EDC status bits such that 
EDC emora are not reported as such until the PLLs are locked. Thus, the bridge chip pair can come up to an error-free 
communication state without software intervention. The lock indication bit also provides some diagnosis information 
^ZZSS* between a PLL lock failure and other data errors. The ctock .generator , circurtry 
6Ute machine 202 to generate a dmde-by-3 clock (1 X clock) of the VCO output 201 . The 1 X clock * fed back to the 

55 Pa rjXmotd down the cable 28 at a 3X clock (PCLK3) rate in three time-muftiplexed phases to produce a IX 
clock message transfer rate. Referring to Figure 7, the circuitry in the master cable interface 192 o< 194 for d«assem- 
bSg and transmuting the cable message includes a register 204. which samples the ou.-go.ng message at the local 
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from two different PLLs. On the downstream side, the signal EN.OUTCNT is the signal ENJNCNT latched on the 
negative edge of the signal PCLK by the flip-flop 230. A multiplexer 234 selects the output of the flip-flop 230 since 
the signal UPSTREAM_CHIP is low. 

In the upstream bridge chip 26, the cable interface is treated as completely asynchronous. The phase uncertainty 

s is due to the unknown phase shift of the cable 28 itself. Designing for this uncertainty gives complete freedom on the 
length of cable 28. What is known is that the clocks in the upstream and downstream bridge chips have the same 
frequency, since they both have their origin in the upstream PCI bus clock PCICLK1 In the upstream bridge chip 26, 
the signal ENJXJTCNT is the signal ENJNCNT latched on the positive edge of the clock PCLK by a flip-flop 232. The 
multiplexer 234 selects the output of the flip-flop 232 since the signal UPSTREAM_CHIP is high. The flip-flop 232 

10 guarantees that even for the worst^case Oneup of the cable clock CABLE.CLK2 and the local PCI clock PCLK (one 
complete PCLK period phase shift), there is valid data in the FIFO 216 before the data is transmitted to the rest of the 
chip. 

Referring to Figure 11, the cable data is received by the slave cable interface 196 or 198 as three phase time- 
multiplexed signals A1 , A2 and A3; B1 . B2 and B3; C1 , C2 and C3; and so forth. A previous transaction is completed 

is in periods TO, T1 and T2. Beginning in period T3, the first phase data A1 is presented to the register 218 and the first 
phase indicator CCLKPHI1 is pulsed high. On the falling edge of CCLK3 in period T3, the data A1 is loaded into the 
register 21 8, and the local phase 1 indication signal PHIJDLY is pulsed high. In period T4, on the falling edge of clock, 
the phase 1 data A1 is loaded into the register 220, the phase 2 data A2 is loaded into the register 218, and the phase 
2 indication signal PHI2JDLY is pulsed high. In period T5, on the falling edge of CCLK3, the phase 2 data Is loaded 

20 into the register 222, the phase 3 data A3 is loaded into the register 218, and the phase 3 indication signal PHI3_DLY . 
is pulsed high. In period T6, the contents of the registers 220, 222, and 218 are loaded into the selected entry of the 
FIFO 216 on the following edge of CCLK3. Also in period T6, the data B1 is presented to the register 218 along with 
the indication signal CCLKPHI1 . Messages B and C are loaded into the FIFO 21 6 in the same manner as message A 
in subsequent periods. 

2S Referring to Figure 12, the input pointer INPTR[1:0] starts at the value 0 in period TO on the rising edge of the 

clock CCLK3. Also in period TO, message A is loaded into FIFO 0 on the falling edge of the clock CCLK3. In the 
downstream bridge chip 48, the output pointer OUTPTR[1:0] is incremented to the value 0 on the next rising edge of 
the clock PCLK in period T3. Also in period T3, the input pointer INPTR(1 :0] is incremented to the value 1 on the rising 
edge of the clock CCLK3, and message B is loaded into FIF0 1 on the falling edge of CCLK3. Cable data is thus loaded 

30 into FIFOO, FIF01 , FIF02, and FIF03 in a circular fashion. 

On the upstream side, if the input pointer INPTRf! :0] is 0 in period tO, the output pointer OUTPTR[1 :0] is incre- 
mented to the value 0 in period T6. two PCLK periods after the input pointer INPTFJ1 :0). The two PCLK period lag in 
the upstream bridge chip 26 allows the phase delay in the cable 28 to be o1 any value, which has the advantage that 
the cable length need not be of a specific fixed value. 

3S Referring to Figure 1 3, the input and output flip flops on the cable interface are custom-placed by the manufacturer 

of the chips to minimize the skew between the cable data and the clock passed with it. The amount of wire between 
each flip-flop and the I/O are maintained as consistent as possible between all cable interface signals. 

CABLE MESSAGE 

40 

Sixty bits of cable data constitute one message. The 60 bits are multiplexed onto 20 cable lines and are transmitted 
each 10 ns over the cable 28. The table in Figure 14 shows the bits and the phase each bit is assigned to. The first 
three columns show the upstream-to-downstream data transfer format, and the last three columns show the down- 
stream-to-upstream data transfer format. The following is a description of the signals. 
45 EDC[7:0]: The signals are the eight syndrome bits used to detect and correct errors encountered in transmitting 

data over the cable 28. 

C AD[31 :0]: The signals are the 32 address or data bits. 

CFRAME_: The signal is used to signal the start and end of a cable transaction, similar to the PCI FRAME_signal. 

CCBE[3:0L: The four bits form byte enables in some PCI clock phases and either a PCI command or a message 
so code in other PCI clock phases. 

CBUFF[3:0]: In the address phase, the signals indicate a buffer number for initializing the bridge chip delayed 
completion queue (DCQ) 148 to tie upstream and downstream delayed read completion (DRC) and delayed read 
request (DRR) transactions. After the address phase, the signals contain the parity bit, parity error indication and the 
data ready signal 

ss COMPLETION REMOVED: The bit is used to signal that a delayed completion has been removed from the trans- 

action ordering queue (TOO) on the other side of the cable 28. 

PMW ACKNOWLEDGE: The bit is used to signal that a posted memory write (PMW) has been completed on the 
other side and has been removed from the transaction run queue (TRQ). 
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of the first are standardization, ruggedness and reliable uniform manufacture. The advantages of the second are greater 
mechanical flexibility, automatic termination to the connector in assembly and possfoly lower cost 

The table of Figure 16 shows some of the HIPPI cable specifications. The ground shield consists of a braid over 
aluminum tape and carries only minimum DC currents due to the differential nature of the buffers to be used. The 

5 method of signaling is true differential which provides several advantages, with differential buffers used to send and 
receive signals over the cable 28. First the true differential method is less expensive than fiber optics for this short 
distance and less complex to interface than other serial methods. Differential signaling provides significant common 
mode noise immunity and common mode operating range, is available in ASICs and is faster than TTL When using 
twisted pair and shielding, it minimizes electromagnetic radiation. When using low voltage swings, it minimizes power 

10 dissipation. 

The signaling levels chosen as a target are described in the IEEE Draft Standard for Low-Voltage Differential 
Signals (LVDS) for Scaleable Coherent Interface (SCI), Draft 1.10 (May 5, 1995). 

The cable connector is an AMP metallic shell 1 00-pin connector with two rows of pins. The rows are 1 00 mils apart 
and the pins are on 50-mil centers. The metal shell provides EMI shielding and the connection of the ground path from 
is the cable shield to the board connector. The mating right angle board connector just fits a PCI bracket. The connector 
is to have a bar running between the rows of pins to divert electrostatic discharges from the signal pins when the 
connector is disconnected. A pair of thumb screws attached to the cable connector will secure the mated connectors. 

ERROR DETECTION AND CORRECTION 

20 

An error detection and correction (EDC) method is implemented on each bridge chip to protect communication 
over the cable 28. Since the data is time-multiplexed into three 20-bit groups to be sent over 20 pairs of wires, each 
triplet of 'adjacent' bits (i.e. , bits associated with the same wire in the cable 28) is arranged so as to be transmitted on 
a single wire pair. The EDC method can correct single-bit failures and multi-bit failures occurring in the same bit position 

2S in each of the three time-multiplexed phases. The multi-bit failures are typically associated with a hardware failure, e. 
g., a broken or defective wire or a faulty pin on bridge chips 26, 48. 

Twenty wire pairs of the cable 28 are used for downstream communication and 20 more for upstream communi- 
cation. For the remaining ten pairs in the 50-pair HIPPI cable 28 (which pass such information as the clock signals 
CABLE_CLK1 and CABLE_CLK2, reset signals, and the power good/PLL-lock signaJ), error detection and correction 

30 is not implemented. 

The following are the underlying assumptions for the EDC algorithm. Most errors are single bit errors. The prob- 
ability of having random multiple-bit errors in the same transaction is extremely remote because the cable 28 is not 
susceptible to interference from internal or external sources. Errors caused by a defective wire may affect a single bit 
or a group of bits transmitted on that wire. When a hardware failure occurs, the logic state of the corresponding differ- 

35 ential buffer is in a single valid logic state. 

Referring to Figure 1 7, the output signals FIFOOUTI59:0] from the multiplexer 228 in the slave cable interface 1 96 
or 1 98 are provided to the input of a check bit generator 360, which produces check bits CHKBI7I7:0]. The check bits 
are generated according to the parity-check matrix shown in Figure 18, in which the first row corresponds to CHKBIT 
[0], the second row corresponds to CHKBTTJ1], and so forth. The bits across a row correspond to data bits FIFOOUT 

40 [0:59]. 

The check bits are generated by an exclusive-OR of all the data bits FIFOOUT[X] (X is equal to 0-59), which have 
a "V value in the parity-check matrix. Thus, the check bit CHKBITI0J is an exclusive-OR of data bits FIFOOUT[7], 
FIFOOUT18], FIFOOUT19], FIFOOUT[12], FIFOOUT[13], FIFOUTI16], FIFOOUT[22], FIFOOUT[23], FIFOOUTI24], 
FIFOOUT[26], FIFOOUT[32], FIFOOUT[33], FIFOOUTI34], FIFOOUT[35], FIFOOUT[38], FIFOOUTI39], FIFOOUT 
45 [45], FIFOOUT[46], FIFOOUT[48], FIFOOUT[49], FIFOOUT[51], and FIFOOUT[52]. Similarly, the check bit CHKBIT 
[1] is an exclusive-OR of bits 0, 1 , 4, 5, 9, 10, 12, 14, 15, 16, 23, 27, 35, 37, 38. 40, 43, 46, 47, 48, 50, and 53. Check 
bits CHKBIT[2:7] are generated in similar fashion according to the parity-check matrix of Figure 18. The parity check 
matrix is based upon the 20 sub-channels or wires per time-multiplexed phase and a probability that multiple errors in 
the accumulated data are attributable to a faulty subchannel or wire that affects the same data position in each time- 
so multiplexed phase. 

In the master cable interface 1 92 or 1 94, the check bits CHKBIT[7:0] are provided as error detection and correction 
bits EDC[7:0] along with other cable data to allow error correction logic in the slave cable interface 1 96 or 1 98 to detect 
and correct data errors. 

The check bits CHKBITT7:0] are provided to a fix bit generator 352, which generates fix bits FIXBIT[59:0] according 
ss to the syndrome table shown in Figure 1 9. The check bits CHKBITI7:0] have 256 (2 s ) possible values. The syndrome 
table in Figure 1 9 contains 256 possible positions. Each of the 256 positions in the syndrome table contains 2 entries, 
the first entry being the hexadecimal value of the check bits CHKBITI7:0], and the second entry indicating the cable 
data status associated with that position. Thus, for example, a hexadecimal value 00 indicates a nc-error condition, a 
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the PCI arbiter 124. If the PCI arbiter 124 is disabled, then an external arbiter (not shown) is used and the hot plug 
request is driven out on the REQJ1L P»n and hot plug grant is input on the GNT[1J_ pin. The bridge PCI bus request 
is driven out on the REQ[2l_ pin and its grant is input on the GNT12L pin. If the bridge chip 48 samples REQ[7l_ high 
on PCIRST2_ it will enable the PCI arbiter 124. 

s The PCI arbiter 124 negates a master's GNT_ signal either to service a higher priority initiator, or in response to 

the master's REQ_ signal being negated. Once its GNT_ signal is negated, the current bus master maintains ownership 
of the bus until the bus returns to idle. 

If no PCI agents are currently using or requesting the bus, the PCI arbiter 124 does one of two things depending 
on the value of a PARKMSTRSEL configuration register in the configuration space 125. If the register contains the 

10 value 0, the PCI arbiter 1 24 uses the last active master to park on the bus 32; if it contains the value 1 , then the bus 
is parked at the bridge chip 48. 

The PCI arbiter 124 includes a PCI minimum grant timer 304 (Figure 21) which controls the minimum active time 
of all the GNT_ signals. The default value for the timer 304 is the hexadecimal value 0000 which indicates that there 
is no minimum grant time requirement. The timer 304 can be programmed with a value from 1 to 255, to indicate the 

is number of PCICLK2 clock periods the GNT_ line is active. Alternatively, an individual minimum grant timer can be 
assigned to each PCI master on the secondary bus 32 to provide more flexibility. The minimum grant time is applicable 
only when the current master is asserting its RECL signal. Once the REQ_ signal is deasserted, the GNT_ signal can 
be removed regardless of the minimum grant time value. 

Referring to Figure 20A, in normal operation, the PCI arbiter 1 24 implements a round-robin priority scheme (second 

20 level arbitration scheme). The eight masters in the round-robin scheme include devices connected to the six slots of 
the expansion box 30, the SIO 50, and a posted memory write (PMW) request from the upstream bridge chip 26. All 
masters on the PCI bus 32 in this scheme have the same priority as the bridge chip 48. After a master has been granted 
the secondary PCI bus 32 and the master has asserted the FRAME, signal, the bus is re-arbitrated and the current 
master is put on the bottom of the round-robin stack. If the master negates its request or the minimum grant timer 304 

25 expires, the PCI bus 32 is granted to the next highest priority master. Locked cycles are not treated any differently by 
the PCI arbiter 124. 

In response to certain events, the arbitration scheme is modified to optimize system performance. The events 
include: 1 ) an upstream-to-downstream delayed read or delayed write request is pending, 2) a downstream-to-upstream 
delayed read request is pending with no read completion indication provided, and 3) a streaming possibility exists while 

30 the bridge chip 26 is the current master on the upstream bus 24. 

When a delayed request is detected, the bridge chip 48 becomes the next master to be granted the secondary 
PCI bus 32. Once the bridge chip 48 is granted the bus 32, it maintains ownership of the bus 32 until it completes all 
outstanding delayed requests or one of its cycles is retried. If the bridge chip 48 is retried, then a two-level arbitration 
scheme is implemented by the arbiter 124. One primary cause of the bridge chip read cycle being retried is that the 

35 target device is a bridge with a posted write buffer that needs to be flushed. In this case, the optimum operation is to 
grant the bus 32 to the retrying target to allow it to empty its posted write buffer so it can accept the bridge chip read 
request. 

Referring to Figure 20B, the two-level arbitration protocol includes a first level arbitration scheme which is a round- 
robin scheme among three possible masters: the delayed request from the CPU 14, a request from the retrying master, 
40 and a master selected by the second-level arbitration scheme. Each of the three masters in the first-level arbitration 
scheme is guaranteed every third arbitration slot. For memory cycles, the slot associated with the retrying target can 
be determined from target memory range configuration registers in the configuration space 125 of the bridge chip 48, 
which store the memory range associated with each PCI device. If the retrying master cannot be determined (as in the 
case of an I/O read), or if the retrying master is not requesting the secondary bus 32, then the first level arbitration 
4s scheme would be between the bridge chip 48 and a level-two master. 

The retrying master is not masked from the level-two arbitration. Thus, It is possible for It to have two back-to-back 
arbitration wins if It is the next master in the level-two arbitration scheme. 

For example, if an upstream-to-downstream read is retried and Master C (the retrying master) is requesting the 
bus 32 as well as Master B and Master E, the order of the bus grants would be as follows in descending order: the 
so bridge chip 48, the retrying master (Master C), Master C, the bridge chip 48, the retrying master C, Master E, the bridge 
chip 48, and so forth, until the bridge chip 48 is able to complete its transaction and the PCI arbiter 124 reverts back 
to its level-two arbitration scheme for normal operation. 

If, as another example, the bridge chip read is retried and the only other requesting masters are Master A and 
Master D (i.e., the retrying master is not requesting the bus or it could not be identified because it is accessing I/O 
55 space), the order of the bus grants is as follows: the bridge chip 48, Master A, the bridge chip 48, Master D, and so forth. 

The two-level arbitration scheme gives delayed requests from the CPU 14 the highest priority Although this arbi- 
tration method favors heavily the CPU 14, every requesting device on the bus 32 is eventually granted the PCI bus 
32. By so doing, there is less chance that the other secondary bus masters would be starved when a PCI bridge chip 
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From state IDLE4GNT, the grant state machine 306 next transitions to the GNT state, and the signals GNT17:0] 
are set to the state of new grant signals NEWGNT[7:0] and the signal CHANGING_GNT is negated low. The signals 
NEWGNT[70] are based on the state of the current master signals CURMAST\2:0], as shown in Figure 24. 

From state GNT, three transitions are possible. The grant state machine 306 returns to the PARK state if an arbi- 
s tration window is open (OPENJ/VINDOW is high), no request is pending (ANY_REQ is low), the PCI bus 32 is idle 
(BUSJDLE is high), and the next master is the current master (i.e., the current master is the parking master). In the 
transition backfrom the GNT state to the PARK state, the signals USTATE[1 :0] are updated with thesignals N_L1 STATE 
[V0] However, if no requests are pending and the bus is idle, but the current master is not the parking master (i.e., 
the signals N_CURMAST[2:0] are not equal to the value of the signals CURMASTt2:0]), an idle state is needed and 
io the grant state machine 306 transitions from the GNT state to the IDLE4PARK state. The L1 state values L1 STATE[1 : 
0] are updated From the IDLE4PARK state, the grant state machine 306 transitions to the PARK state, setting the 
grant signals GNT17:0] equal to the new grant signals NEWGNT[7:0] to grant the PCI bus 32 to the new master. The 
signal CHANGINGJ3NT is also negated low. 

If the arbitration window opens up (OPENJ/VINDOW is high), and the next master is not the current master (the 
is signals N_CURMAST[2:0] are not equal to the signals CURMAST[2:0]), then the grant state machine 306 transitions 
to the idle state IDLE4GNT to change bus master grants. In the transition, the signal CHANGING_GNT is asserted 
high the signals GNT[7:0] are cleared to all zeros, the signals CURMAST[2:0] are updated with the next master value 
N_CURMAST[2:0], and the L1 state signals L1 STATE[1 :0] are updated with the next state value N JJ STATEp .0]. In 
addition, the round-robin master signals RR_MAST[2:0] are updated with the next round-robin master N_RR_MAST 
20 [2:0] if the signal ADV_RR_MAST is asserted high. The grant signals GN717:0] are then assigned to the value NEWGNT 
[7:0] in the transition from the IDLE4GNT state to the GNT state. 

Referring to Figure 23, the L1 state machine 300 (Figure 21 ) starts in state RR upon assertion of the RESET signal, 
where the state machine 300 remains while a delayed request signal BAL _DEL_REQ is negated low (indicating there 
is no delayed request pending). While in the RR state, the signal ADV_RR_MAST is asserted high to allow the grant 
25 state machine 306 to update the round-robin master (i.e., setting signals RR_MAST[2:0] equal to the value 
NJ3R_MAST[2:0]. The RR state is the round-robin state in which the level-two arbitration scheme is used. While in 
the RR state, the next master signals N_CURMAST[2:0] are set equal to the next round-robin master N_RR_MAST 
[2 0], and the signal OPENJ/VINDOW is set high if a stream request opportunity exists (STREAM_REQ is high), or 
the minimum grant timer 304 has expired (MINJ3RANT is high), or the current master has negated its request 
30 (CURMAST_REQ goes low). When asserted high, the signal OPENJ/VINDOW albws a new arbitration to take place. 

If a delayed request is detected (BAL_DEL _REQ goes high), the L1 state machine 300 transitions from the RR 
state to the BAL state, setting the next master state N_CURMASTI2:0] as the bridge chip 48 and deasserting the signal 
ADV_RR_MAST to disable the level-two round-robin arbitration. In the BAL state, the signal OPENJ/VINDOW is as- 
serted high if the delayed request is deasserted (BAL_DEL_REQ goes low) or the delayed request has been retried 
35 (BAL_RETRIED goes high). If the signal BAL_DEL_REQ is negated low. or if the delayed request BAL_DEL_REQ is 
asserted high but the retrying master request is negated low (RTRYMAST_REQ is low) and the slot request 
ANY SLOT REQ is asserted high, then the L1 state machine 300 transitions back to the RR state. In the transition, 
the signal ADV_RR_MAST is asserted high and the next master signals N_CURMAST[2:0] are set equal to the next 
round-robin master N_RR_MASTI2:0]. If the signal BAL_DEL_REQ is deasserted, that indicates that the arbiter 124 
40 should revert back to the level-two round-robin scheme. If the delayed request signal is asserted but the retrying master 
request is negated, then the levekxie arbitration scheme is between the slots on the PCI bus 32 and the bridge chip 48. 

If both the delayed request BAL JDEL_REQ and the retrying master request RTRYMAST_REQ are asserted, then 
the L1 state machine 300 transitions from state BAL to state RETRY_MAST, and the retrying master is set as the next 
master (N_CURMAST[2:0] is set equal to RTRY_M AST[2: 0]). The signal ADV_RR_MAST is maintained tow. In the 
45 RETRY J4AST state, if none of the PCI slot masters are asserting a request (ANY_SLOT_REQ is low), then the level- 
one arbitration scheme is between the retrying master and the bridge chip 48, and the L1 state machine 300 transitions 
back to the BAL state. The bridge chip 48 Is set as the next master (N_CURMASTI2:0] is equal to the state BALBOA), 
and the signal ADV_RR_MAST is maintained bw. However, the L1 state machine 300 transitions from the 
RETRY MAST state to the RR state if any one of the slot masters is asserting a request (ANY_SLOT_REQ is high). 
so in the transition, the signal ADV_RR_MAST is asserted high, and the next round-robin master is set as the next master 
(N_CURMAST[2:0] is set equal N_RR_MAS"q2:0]). 

To take advantage of the streaming capabilities of the bridge chip, when data for a DRC starts arriving from the 
cable 28, the master associated with that DRC becomes the highest priority device (assuming its REQ_ is asserted). 
This allows the master to receive the data stream coming down the cable 28 while the window of opportunity is there 
55 for streaming. If the bridge chip 48 cannot connect the master before the DRC queue fills up, then the upstream bridge 
chip 24 will disconnect and only a portion of the data would be passed to the requesting master, necessitating the 
master to issue another read request on the upstream bus 24. The streaming master retains the highest priority as 
long as DRC data continues to arrive from the cable 28. If the master repeats a different cycle/address, it will be retried, 
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corresponding one of the bits MULTI_MASTER[7:1] is set higji if the signal DCQ_HIT is low and the signal 
Q2PIF_CHECK_CYC is high. Thus, for example, if the signal Q2PIF_SLOT[2:0] contains the value 2. indicating that 
the device in slot 2 is the current master of the delayed request, and DCQ buffer 5 is storing a pending request for the 
slot 2 master (Q5_MASTER(2:0] = 5), and either of signals Q5_COMPLETE or Q5_PART_COMPLETE is high, and if 

5 the signal Q2PIF_CHECK_CYC is high and the signal DCQ_HIT is low, then the bit MULTLMASTER[2] is set high to 
indicate that the slot 2 device is a multi-threaded master. 

A mask request generation block 332 produces signals Q2A_MASK_REQJX) (X = 1-7) in response to signals Q 
[7:0]_MASTER[2:0], Q[7:0]_STATE[3:0] (which indicates the state of delayed completion queues 0-7), 
SLOT.WITH JDATA|7:0] (which indicate if delayed completion Qs 0-7 contain vaOd data), CFG2Q_MUIXI_MASTER 

10 [X] (X = 1 -7), CFG2Q_ALWAYS_MASK, and CFG2Q_NEVER_MASK. 

Referring to Figure 26A, the mask request generation block 332 includes a 2:1 multiplexer 320 for producing the 
signal G2A_MASK_REQ[X] (X = 1 -7). The 1 input of the multiplexer 320 is connected to the output of an OR gate 322 
and the 0 input is tied low The select input of the multiplexer 320 is driven by a signal MASK_MUXSEL One input of 
the OR gate 322 is connected to the output of a NOR gate 324, which receives a signal CFG2Q_MULTl_MASTER(Xl 

is (indicating a multi-threaded master), and the other input receives a signal CFG2Q_NEVER_MASK (a configuration bit 
indicating that the request line should not be masked if a multi-threaded master is detected). The other input of the OR 
gate 322 receives a signal CFG2Q_ALWAYS_MASK, which is a configuration bit indicating that the corresponding 
mask bit Q2A_MASK_REQ[X] should always be masked If the signal MUXSEL is asserted high. The signal 
MASK.MUXSEL is asserted high if the request from the secondary bus master is not to data already existing in the 

20 queue block 1 27, i.e., the request must be transmitted to the primary PCI bus 24. Thus each time a request is transmitted 
from a device on the secondary PCI bus 32 upstream to the primary PCI bus 24, a check is performed on bits 
CFG2Q_MULTI_MASTER[7: 1 ] to determine if a multi-threaded master has been detected. 

The masking of requests can be overridden by setting the appropriate bits in the configuration registers 125. The 
available modes include: 1) normal mode in which request masking is enabled except if multi-threaded master 

2S (CFG2Q_NEVER_MASK = 0, CFG2Q_ALWAYS_MASK = 0), 2) always mask mode in which requests from retried 
masters are masked even if multi-threaded (CFG2Q_ALWAYS_MASK = 1), and 3) never mask mode in which the 
requests are never masked (CFG2Q_NEVER_MASK = 1, CFG2Q_ALWAYS_M ASKED = 0). 

EXPANSION CARD INSERTION AND REMOVAL CONNECTING EXPANSION CARDS 

30 

As shown in Figures 1 and 27 A, the two expansion boxes 30a and 30b, of common design 30, each have the six 
hot-plug slots 36 (36a-f) in which the conventional expansion cards 807 can be inserted and removed (hot-plugged) 
while the computer system 10 remains powered up. The six mechanical levers 802 are used to selectively secure 
(when closed, or latched) the expansion cards 807 that are inserted into corresponding hot-plug slots 36. For purposes 
35 of removing or inserting the expansion card 807 into one of the slots 36, the corresponding lever 802 must be opened, 
or unlatched, and as long as the lever 602 is opened, the corresponding slot 36 remains powered down. 

When the lever 802 that secures the expansion card 807 to its slot 36 is opened, the computer system 10 senses 
this occurrence and powers down the card 807 (and corresponding slot 36) before the card 807 can be removed from 
its slot 36. Slots 36 that are powered down, like other slots 36 not holding cards 807, remain powered down until 
40 software of the computer system 10 selectively powers up the slots 36. 

The card 46 inserted into the card slot 34 has the bridge chip 48 that monitors the securement status (open or 
closed) of the levers 802 and powers down any card 807 (and corresponding slot 36) that is not secured by its lever 
602. Software of the computer system 10 can also selectively power down any one of the slots 36. 

The cards 807 are powered up through a power up sequence and powered down through a power down sequence. 
46 in the power up sequence, power is first supplied to the card 807 being powered up, and thereafter, a PCI clock signal 
(from the PCI bus 32) is furnished to the card 807 being powered up. Remaining PCI bus signal lines of the card 807 
are then coupled to corresponding lines of the PCI bus 32. Lastly, the reset signal for the card 807 being powered up 
is negated which brings the card 807 out of reset 

The power up sequence allows the circuitry of the card 807 being powered up to become fully functional with the 
so pel clock signal before the remaining PCI bus signals are provided. When the clock signal and remaining PCI bus 
signals are connected to the card 807 and before the card 807 is reset, the bridge chip 48 has control of the PCI bus 
32. Because the bridge chip 48 has control of the PCI bus 32 during these times, potential glitches on the PCI bus 32 
from the power up sequence do not disturb operations of the 'cards 807 that are powered up. 

In the power down sequence, the card 807 being powered down is first reset. Next, the PCI bus signals, excluding 
ss the PCI clock signal, are removed from the card 807. The bridge chip 48 subsequently disconnects the PCI clock signal 
from the card 807 before power from the card 807 is removed. The power down sequence minimizes the propagation 
of false signals from the card 807 being powered down to the bus 32 because circuitry on the card 807 remains fully 
functional until the PCI bus signal lines are removed. 
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As shown in Figures 2 and 28, each hot-plug slot 36 has the associated switch circuitry 41 for connecting and 
disconnecting the slot 36 to and from the PCI bus 32. The switch circuitry 41 for each slot 36 receives four of the control 
signals POUT[39:16]. As an example, for the slot 36a, when the control signal POUT[28] is asserted, or low, the slot 
36a is connected to the bus signal lines of the PCI bus 32 by a switch circuit 47. When the control signal POU7128] is 
deasserted, or high, the slot 36a is disconnected from the bus signal lines of the PCI bus 32. 

When the control signal POUT[22] is asserted, or low, the slot 36a is connected to a PCI clock signal CLK through 
a switch circuit 43. When the control signal POUT122] is deasserted, or high, the slot 36a is disconnected from the 
clock signal CLK. 

When the control signal POUTI34] is asserted, or high, the slot 36a is connected to a card voltage supply level 
V35 through a switch circuit 45. When the control signal POUTI34] is deasserted, or low, the slot 36a is disconnected 
from the card voltage supply level V ss . 

When the control signal POUT[16] is asserted, or tow, the slot 36a is reset and when the control signal POUT[1 6] 
is deasserted, or high, the slot 36a comes out of the reset state. 

As seen in Figure 2, the SIO circuit 50 may selectively monitor up to one hundred twenty-eight (sixteen bytes) of 
latched status signals STATUS[127:0] furnished by the expansion box 30. The status signals STATUS(127:0] form a 
"snapshot' of selected conditions of the expansion box 30. The status signals STATUS{1 27:0] include six status signals 
STATUS[5:0] which indicate the securement status (opened or closed) of each of the levers 802. The SIO circuit 50 
monitors the status signals STATUS[31 :0] for changes in their logical voltage levels. The SIO circuit 50 serially shifts 
the status signals STATUS[1 27:32] into the SIO circuit 50 when instructed to do so by the CPU 14. 

The SIO circuit 50 serially receives the status signals STATUS[127:0], least significant signal first, via a serial data 
signal NEW_CSID. The data signal NEW_CSID is furnished by the serial output of the thirty-two bit, parallel input shift 
register 82 located on board the expansion box 30 along with the slots 36. 

The register 82, through its parallel inputs, receives twenty-four parallel status signals PIN[23:0], four associated 
with each of the hot-plug slots 36, that are included in the thirty-two least significant status signals STATUS[31:0]. 
When the status indicated by one or more of the status signals STATUS(31 :0] changes (the logical voltage level chang- 
es), the bridge chip 48 generates an interrupt request to the CPU 14 by asserting, or driving low a serial interrupt 
request siyial SI_INTR# which is received by the interrupt receiving block 132. The status signals PIN[23:0] include 
two PCI card presence signals (PRSNT1* and PRSNT2#) associated with each slot 36. 

Six status signals PIN[5:0], corresponding to their latched versions, status signals STATUSt5:0], indicate the se- 
curement, or engagement, status (open or closed) of each the levers 802. Six sliding switches 805 (Figs. 27A-27C) 
are actuated by the movement of their corresponding levers 802 and are used to electrically indicate the securement 
status of the corresponding lever 802. Each switch 805 has a first terminal coupled to ground and a second terminal 
furnishing the corresponding one of the status signals PIN(5:0]. The second terminal is coupled to a supply voltage 
level Vqq through one of six resistors 801. 

If one of the levers 802 opens and the card 807 secured by the lever 802 becomes unsecured, the corresponding 
one of the status signals PIN[5:0] is asserted, or driven high. As an example, for the slot 36a, the status signal PIN[0] 
is deasserted, or driven low, when the corresponding lever 802 is closed. When the lever 802 for the slot 36a is opened, 
the status signal PIN[0] is asserted, or driven high. 

The register 82 also receives a serial stream of latched status signals STATUS(127:32] that do not cause interrupts 
when the logical voltage level of one of the signals STATUSJ1 27:32] changes. The status signals STATUS[1 27:32] are 
formed by the sixteen bit shift register 52 located on board the expansion box 30 with the slots 36. The shift register 
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As shown in Figures 2 and 30, when the SIO circuit 50 asserts, or drives low. a register load signal CSIL_0_. the 
shift register 52 latches the status signals STATUS[127:32] and the shift register 82 latches the status signals STATUS 

10 [31 :0]. When the SIO circuit 50 negates, or drives high, the signal CSIL_0_, both the registers 52 and 82 serially shift 
their data to the SIO circuit 50 on the positive edge of a clock signal CSIC.O furnished by the SIO circuit 50. The clock 
signal CSIC.O is synchronized to and one fourth the frequency of the PCI clock signal CLK. 

As shown in Figure 29. for purposes of monitoring, or scanning, the status signals STATUS[31 :0], the SIO circuit 
50 uses a thirty-two bit interrupt register 800 whose bit positions correspond to the signals STATUS[31:0]. The SIO 

,5 circuit 50 updates the bits of the interrupt register 800 to equal the corresponding status signals STATUS[31 :0] that 
have been denounced, as further described below Two status signals STATUS[7:6] are reserved for additional hot- 
plug slots 36, and the seventh and eighth most significant bits of the interrupt register 800 are also reserved for the 
additional slots 36. The interrupt register 800 is part of a register logic block 808 of the SIO circuit 50 which is coupled 
to the PCI bus 32. 

& Serial scan input logic 804 of the SIO circuit 50 sequentially scans, or monitors, the status signals STATUS[31 :0J, 
least significant signal first, for changes, as indicated by transitions in their logical voltage levels. If the status of one 
or more of the status signals STATUS[5:0] associated with the levers 802 changes, the serial scan input logic 804 
enters a slow scan mode such that the status signals STATUS[5:0] are scanned thirty-two times within a predetermined 
debounce time interval. If one or more of the status signals STATUS[5:0] changes, the serial scan input logic 804 

2S updates the interrupt register 800 (and asserts the serial interrupt signal SI J NTR#) if the changed status signal STATUS 
[5:0] remains at the same logical voltage level for at least a predetermined debounce time interval. The serial scan 
input logic 804 is coupled to programmable timers 806 which generate and indicate the end of the debounce delay 
interval initiated by the serial scan logic 804. Requiring the status to remain stable for the debounce time interval 
minimizes the inadvertent powering down of one of the hot-plug slots 36 due to a false value (i.e., a "glitch") indicated 

30 by one of the status signals STATUS[5:0]. When all of the status signals STATUS[5:0] remain at the same logical 
voltage level for at least the debounce time interval, the serial scan input logic 804 then proceeds to once again scan 
all thirty-two status signals STATUS[31 :0] in the faster scan mode. 

If the serial scan input logic 804 detects a change in one of the status signals STATUS[31 :6], the serial scan input 
logic 804 instructs the timers 806 to measure another debounce delay interval, subsequently asserts the serial interrupt 

35 signal SI_INTR#, updates the interrupt register 800 with the signals STATUS[31 :6] that have changed, and ignores 
further changes h the status signals STATUS[31:6] until the debounce time interval expires. After expiration of the 
debounce time interval, the serial scan input logic 804 proceeds to recognize changes in the thirty-two status signals 
STATUS[31:0]. 

When the serial interrupt signal SIJNTR# is asserted, the CPU 14 subsequently reads the interrupt register 800, 
40 determines which (may be more than one) status signals STATUS{31 :0] caused the interrupt, and deasserts the serial 
interrupt signal SI JNTR# by writing a V to the bit or bits of the interrupt register 800 that have changed. 

The CPU 1 4 may selectively mask interrupt requests caused by the status signals STATUS[31 :0] by writing a '1 " 
to a corresponding bit of a thirty-two bit interrupt mask register 810. The CPU 14 can also selectively read any byte of 
the status signals STATUS[47:0] by writing a byte number of the selected byte to a serial input byte register 812. The 
46 SIO circuit 50 then transfers the desired byte into a serial data register 81 5. 

For example, to read the third byte (byte number two) of the status signals STATUS[23:16], the CPU 14 writes a 
"2" to the serial input byte register 812. The serial scan input logic 804 then serially shifts byte two of the status signals 
STATUS[23:16] into the serial data register 815. A busy status bit BS of the serial input byte register 812 is equal to 
■T when the CPU 14 initially writes the desired byte number to the serial input byte register 812. The bit BS is cleared 
50 by the SIO circuit 50 after the requested byte has been shifted into the serial data register 81 5. 

The CPU 14 can power up one of the slots 36 by writing a "1 " to a corresponding bit of a slot enable register 817 
and disable the slot 36 by writing a "0" to this bit. Furthermore, the CPU 14 can reset one of the slots 36 by writing a 
■V to a corresponding bit of a slot reset register 819. The contents of the slot enable 817 and slot reset 819 registers 
are represented by signals SIOT_EN[5:0] and SLOTJ=IST_[5:0], respectively. 
55 To initiate the request indicated by the slot enable 817 and reset 819 registers, the CPU 14 writes a '1 ■ to an SO 

bit of control register 814. After the SO bit is •asserted (which asserts, or drives high, a GOJJPDATE signal), the SIO 
circuit 50 initiates and controls the required power down and/or power up sequences. 
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NEW.CSID. One input of the AND gate 847 receives inverted bit enable signals BIT_ENABLEI5:0) ( and the other input 

of the AND gate 847 receives the signals SCAN_SW[5:0]. 

Only one of the bit enable signals BIT_ENABLE(5:0] is asserted at one time (when the scan state machine 840 is 

scanning), and the asserted bit indicates which one of the corresponding status signals STATUS[31 :0] is represented 
5 by the signal NEW^CSID. Thus, when the scan state machine 840 is scanning, on every positive edge of the clock 

signal CLK. the signals SCAN_SW[5:0] are updated. 

The bit enable signals BIT_ENABLE|31 :0] are furnished by the output of a multi-bit multiplexer 832 that receives 

the bits BIT.ACTI VE[31 :0] at its one input. The zero input of the multiplexer 832 receives a thirty-two bit signal indicative 

of logic zero. The select input of the multiplexer 832 receives the signal SHIFTMEN ABLE. 
10 For purposes of detecting a change in the status signals STATUS[5:0]. a multi-bit, Exclusive Or (XOR) gate 848 

furnishes switch change signals SW_CHG[5:0]. When one of the signals SW_CHG[5:0] is asserted, or high, the logical 

voltage of the corresponding status signal STATUS[5:0] changed during successive scans. One input of the XOR gate 

848 is connectedto the fiput of the flip-flop 836, and the other input of the XOR gate 848 receives the signals SCAN^SW 

[50] 

is As shown in Figure 31 D, for purposes of indicating when the logical voltage level of a selected status signal STATUS 
[5:0] has remained at the logical voltage level for at least the duration of the debounce delay interval, the scan input 
logic 804 has six signals LSWITCH[5:0]. The non-inverting input of a D-type flip-flop 900 furnishes the signal LSWITCH 
[5] at its non-inverting output. The signal LSWITCH[5] is asserted, or driven high, to indicate the above«iescribed 
condition and deasserted otherwise. The flip-flop 900 is clocked on the positive edge of the clock signal CLK, and the 

20 clear input of the flip-flop 900 receives the RST signal. 

The input of the flip-flop 900 is connected to the output of a multiplexer 902 which furnishes a D_LSWlTCH5] 
signal. The select input of the multiplexer 902 is connected to the output of an AND gate 903 that receives a MAX5 
signal and a SCAN.END signal. The SCAN.END signal, when asserted, indicates the scan state machine 840 has 
completed the current scan. Five signals (MAX5, MAX4, MAX3, MAX2, MAX1 AND MAX0) indicate whether the cor- 

2S responding status signal STATUS[5], STATUS[4], STATUS[3], STATUS[2], STATUS[1], or STATUS[0], respectively, 
has remained at the same logical voltage level for a least the duration of the debounce time interval. The zero input of 
the multiplexer 902 receives the signal LSWITCH[5], and the one input of the multiplexer 902 receives the signal 
SCAN_SW[5]. The signal SCAN_END is furnished by the output of an AND gate 851 (Fig. 31 B). The AND gate 851 
receives a signal STOP.SCAN and a signal SCAN.DONE. The signal STOP_SCAN is asserted, or driven high, when 

30 conditions for ending the scanning by the scan state machine 840 are present, as further described below. The signal 
SCAN_END is a pulsed (for one cycle of the CLK signal) version of the STOP_SCAN signal. The signals LSWITCH 
[4]-LSWITCH[0] and DJ.SWITCH[4]-D_LSWITCH[0] are generated in a similar fashion from the respective SCAN_SW 
" [4)-SCAN_SW[0] signals and the respective signals MAX4-MAX0. 

For purposes of updating the logical voltage level of the status signals STATUS[31 :6] as these signals are scanned 

35 in, a multi-bit D-type flip-flop 905 (Fig. 31 D) furnishes twenty-six signals SCAN_NSW[31 :6]. One of the signals 
SCAN__NSW[31 :6] is asserted, or driven high, to indicate this condition and deasserted otherwise. The flip-flop 905 is 
clocked on the positive edge of the clock signal CLK, and the clear input of the flip-flop 905 receives the RST signal. 

The input of the flip-flop 905 is connected to the output of a multi-bit multiplexer 906. The select input of the 
multiplexer 906 receives an inverted CHECK.SWITCHJDNLY signal. The CHECKSWITCHJDNLY signal is asserted, 

40 or driven high, when the scan state machine 840 is only scanning the status signals STATUS[5:0] or status signals 
STATUS[1 27:32] (i.e., ignoring changes in the signals STATUS[31 :6]) and deasserted otherwise. The zero input of the 
multiplexer 906 receives the signals SCAN_NSW[31:6], and the one input of the multiplexer 906 is connected to the 
output of a multi-bit OR gate 907. One input of the OR gate 907 is connected to the output of a multi-bit AND gate 908, 
and the other Input of the OR gate 907 is connected to the output of a multi-bit AND gate 872. 

45 one input of the AND gate 908 receives the signals BIT_ENABLE[31 :6]. The other input of the AND gate 908 is 

connected to the output of a multi-bit multiplexer 909. If the NEVVCSID signal is asserted, or high, the multiplexer 909 
furnishes a twenty-six bit signal equal to "h3FFFFFF." Otherwise, the multiplexer furnishes a twenty-six bit signal equal 
to -0." One input of the AND gate 872 is connected to the inverted output of the AND gate 908, and the other input of 
the AND gate 872 receives the signals SCANJMSW[31 :6]. 

so For purposes of storing the logical voltage level of the status signals STATUS[31 :6] after every scan, a multi-bit, 

D-type flip-flop 871 furnishes twenty-six signals LNON_SW[31 :6]. One of the signals LNON_SW[31 :6] is asserted, or 
driven high, to indicate this condition and deasserted otherwise. The flip-flop 871 is clocked on the positive edge of 
the clock signal CLK, and the clear input of the flip-flop 871 receives the RST signal. 

The input of the flip-flop 871 is connected to the output of a multi-bit multiplexer 870 which furnishes the signals 
55 D_LNON_SW[31:6]. The select input of the multiplexer 870 receives the signal SCAN_END. The zero input of the 
multiplexer 870 receives the signals LNON_SW[31:6], and the one input of the multiplexer 807 receives the signals 
SCANJYSW[31:6]. . 

As shown in Figure 31 B, for purposes of generating the MAX0, MAX1, MAX2, MAX3, MAX4, and MAX5 signals. 
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815. The clear input of the flip-flop 912 receives the signal RST, and the flip-flop 912 is clocked on the positive edge 
of the CLK signal. The signal input of the flip-flop 912 is connected to the output of a multi-bit multiplexer 916. The 
select input of the multiplexer 91 6 is connected to the output of an AND gate 914, and the zero input of the multiplexer 
916 receives the bits SLDATA(7:0]. The AND gate 914 receives the signals GETTING J3YTE and SHIFT_ENABLE. 

5 Thus, when the serial scan logic 804 is not shifting in a requested byte of the status signals STATUS[47:0] t the values 
of the bits SIJWA[7:0] are preserved. 

The one input ol the multiplexer 916 is connected to the output of a multi-bit multiplexer 910. The one input of the 
multiplexer 91 0 is connected to the output of a multi-bit OR gate 91 1 , and the zero input of the multiplexer is connected 
to the output of a multi-bit AND gate 915. The select input of the multiplexer 910 receives the signal NEW_CSID. 

10 One input of the AND gate 915 receives the bits SLDATA[7:0], and an inverting input of the AND gate 915 is 
connected to the output of a 3X8 decoder 91 3. The decoder 91 3 receives the signal BIT[2:0]. One input of the OR gate 
911 receives the bits SI_DATA[7:0], and the other input of the OR gate 911 receives the output of the decoder 91 3. 

The serial input logic 804 furnishes five signals RST_SWITCH[5:0j (corresponding to the bit positions of the status 
signals STATUS[5:0]) to the ON/OFF control logic 820 which indicate, by their assertion, whether the corresponding 

is slot 36a-f should be powered down. The ON/OFF control logic 820 indicates when the slot 36 (indicated by the 
RST_SWITCH[5:0] signals) has subsequently been powered down by the subsequent assertion of one of five signals 
CLR_SWITCH J5:0] signals whose bit positions correspond to the signals RST_SWITCH[5:0]. After receiving the in- 
dication that the slot 36 has been powered down, the serial logic 804 then deasserts the corresponding RST_SWITCH 
[5:0] signal. 

20 The signals RST_SWITCH[5:0] are furnished by the non-inverting output of a multi-bit, D-type flip-flop 891 (Fig. 

31 B). The clear input of the flip-flop 891 receives the reset signal RST, and the flip-flop 891 is clocked on the positive 
edge of the clock signal CLK. The input of the flip-flop 891 is connected to the output of a multi-bit OR gate 857 which 
has one input connected to the output of a multi-bit AND gate 659 and one input connected to the output of a multi-bit 
AND gate 855. One input of the AND gate 859 is connected to the output of a multiplexer 853, and the other input of 

2S the AND gate 859 receives latched slot enable signals LSLOT_E 1^5:0] which indicate, by their assertion, whether the 
corresponding slot 36a-f is powered up. One input of the AND gate 855 receives the signals CLR_SWITCHJ5:0] 
signals. Another input of the AND gate 855 receives the signals RST_SWITCH[5:0]. Another input of the AND gate 
855 is connected to the inverted output of the multiplexer 853. 

The zero input of the multiplexer 853 receives a six bit signal indicative of zero. The one input of the multiplexer 

30 853 is connected to the output of a multi-bit AND gate 849. One input of the AND gate 849 receives the signals 
D J-SWITCH[5:0], and the other input of the AND gate *849 receives the inverted signals L_SWITCH[5:0]. The select 
input of the multiplexer 853 receives the SCAN_END signal. 

For purposes of generating the SIJNTR# signal, the serial scan logic 804 includes a D-type flip-flop 882 which 
furnishes the serial interrupt signal SI JNTR# at its inverting output. The flip-flop 882 is clocked on the positive edge 

35 of the CLK signal, and the clear input of the flip-flip 882 receives the RST signal. The input of the flip-flop 882 is 
connected to the output of an OR gate 881 which receives thirty two pending interrupt signals PENDINGJROfSliO], 
which indicate, by their assertion, or driving high, whether an interrupt is pending for the corresponding one of the 
status signals STATUS[31 :0J. The signals PENDING JRQ{31 :0] are otherwise deasserted. 

As shown in Figure 31E, a multi-bit, D-type flip-flop 979 furnishes the signals PENDING J RQ[31:0] at its non- 
40 inverting output. The flip-flop 979 is clocked on the positive edge of the signal CLK signal and receives the signal RST 
at its clear input. The input of the flip-flop 979 is connected to the output of a multi-bit AND gate 981 which receives 
inverted interrupt mask signals INTR_MASK[31:0] at one input. The signals INTR_MASK(31:0] are indicative of cor- 
responding bit of the interrupt mask register 810. The other input of the AND gate 981 is connected to the output of a 
multi-bit OR gate 835. One input of the OR gate 835 is connected to the output of a multi-bit AND gate 862, and the 

45 other input of the OR gate 835 is connected to the output of a multi-bit AND gate 834. 

The AND gate 862 receives inverted PENDING JRQ[31:0] signals and signals SET_PIRQ[31:01. The signals 
SET_PIRQ[31:0] are asserted to indicate an interrupt request should be generated for the corresponding one of the 
status signals STATUS[31 :0]. Therefore, the signals PENDING_IRQ(31 :0] are updated with the signals SET_PIRQ[31 : 
0] if not masked by the signals INTR_MASK[31 :0). 

so The AND gate 834 receives the signals PENDING JRQ[31 :0), inverted signals SET_PIRQ(31:0] and inverted 

WRJNTR_REG[31:0] signals. The signals WRJNTR_REG(31:0] indicate the write data furnished by the CPU 14 to 
the interrupt register 800. The CPU clears an interrupt by writing a '1 ' to the corresponding bit of the interrupt register 
800. Therefore, if this occurs, and no new interrupt requests are indicated for the corresponding one of the status 
signals STATUS[31 :0], the corresponding one of the signals PENDING J RQ(31 :0) is cleared. 

55 The signals SET_PIRQ[31 :0] are furnished by the output of a multi-bit AND gate 839. One input of the AND gate 

839 receives the signals UPDATE_IRQ[31:0]. The other input of the AND gate 839 is connected to the output of a 
multi-bit XOR gate 837. One input of the XOR gate 837 receives the signals DJNTR_REG[31 :0], the other input of 
the XOR gate 837 receives the signals INTR_REG[31 :0]. Therefore, when the bits of the interrupt register 800 transition 
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siqnal RST If not idle, the ON/OFF state machine 998 controls one of three sequences, the power down sequence, 
the power on sequence, or the one pass sequence used to update the control signals POUTf39:0] as indicated by the 
slot enable 317 and LED control (not shown) registers. The ON/OFF state machine 998 asserts, or drives high, the 
load signal CSOLC.O for one cycle of the clock signal CLK of the register 80 until the ON/OFF state machine 998 
5 determines the control signals POUTf39:0] are to be updated. When the control signals POUT[39:0] are updated, the 
ON/OFF state machine 998 negates the signal CSOLC.O which updates the control signals POUT[39:0]. 

The ON/OFF state machine 998 begins the power down sequence when either the software requests a power 
down of at least one of the slots 36. as indicated by the deassertion of the signals SLOT_EN{5:0]; or the senal scan 
input logic 804 determines at least one of the slots 36a-f should undergo the power down sequence, as indicated by 
io the assertion of the signals RST_SWITCH[5:0]. To begin the power down sequence, the ON/OFF state machine 998 
asserts the SOJJPDATE signal to begin a shifting phase and transitions from the IDLE state to a RSTON state. 

During the RSTON state, the control logic 999 negates the reset signals RST#[5:0] for the slots 36 that are to be 
powered down and the serial output logic 824 serially shifts the reset signals RST#(5:01 to the output register 80. The 
ON/OFF state machine 998 also negates the signal SOJJPDATE. Once all forty-control signals are shifted by the 
is serial output logic 824 to the register 80, as indicated by the assertion of the signal SOJJPDATE.DONE, the ON/OFF 
state machine 998 transitions from the RSTON state to an OFF_ARB1 state. 

In the OFF_ARB1 state, the ON/OFF state machine 998 requests control of the secondary PCI bus 32 by asserting 
the request signal CAYREQ#. The ON/OFF state machine 998 then transitions to an OFF_WGNT1 state where it waits 
tor the grant of the secondary PCI bus 32. When the arbiter 124 grants control of the bus 32. as indicated by the 
20 assertion of the CAYGNT* signal, the ON/OFF state machine 998 negates the signal CSOLC.O for one cycle of the 
signal CLK to update the control signals POUTT39:0] and transitions to an OFF.LCLK1 state. 

In the OFFJ.CLK1 state, the ON/OFF state machine 998 asserts the signal SO_UPDATE to begin another shift 
phase The ON/OFF state machine 998 transitions from the OFF.LCLK1 state to a bus ofl state BUSOFF. During the 
BUSOFF state, the control logic 999 deasserts, or drives high, the bus enable signals BUSEN#f5:0] for the slots 36 
2S that are to be powered down, and the serial output logic 824 serially shifts the bus enable signals BUSEN*{S:0] to the 
output register 80. The ON/OFF state machine 998 also negates the signal SOJJPDATE. Once all forty-control signate 
are shifted by the serial output logic 824, as indicated by the assertion of the signal SO_UPDATE_DONE, the ON/OFF 
state machine 998 transitions from the BUSOFF state to an OFF.ARB2 state where the state machine 998 once again 
requests control of the secondary PCI bus 32. The stale machine 998 then transitions to an OFF.WGNT2 state where 
30 it waits for the grant of the PCI bus 32. Once the grant is received, the state machine 998 transitions to an OFF_LCLK2 
state where the control signals POUT[39:0] are updated by negating the signal CSOLC.O for one cycle of the signal 
CLK. The state machine 998 then transitions to a clock off state CLKOFF 

During the CLKOFF state, the control logic 999 deasserts. or drives high, the clock enable signals CLKEN*l5:uj 
for the slots 36 that are to be powered down. The bus enable signals BUSEN*[5:0] do not change, and the serial output 
35 logic 824 serially shifts the clock enable signals CLKEN#f5:0] to the output register 80. The ON/OFF state machine 
998 also negates the signal SOJJPDATE. Once all forty control signals are shifted by the serial output logic 824, as 
indicated by the assertion of the signal SO.UPDATE.DONE, the ON/OFF state machine 998 transitions from the 
CLKOFF state to an OFF.ARB3 state, where the state machine 998 once again requests control of the PCI bus 32. 
The state machine 998 then transitions to an OFF.WGNT3 state where it warts for the grant of the PCI bus ^32 Once 
40 the grant is received, the state machine 998 transitions to an OFF.LCLK3 state where the control signals POUTT39: 
0] are updated by negating the signal CSOLC.Ofor one cycle of the signal CLK. The state machine 998 then transitions 
to a power off state PWROFF. . DlAIDCKIIC . m 

During the PWROFF state, the control logic 999 deasserts, or dries low, the power enable signals PWRENI5.0] 
for the slots 36 that are to be powered down. The signals RST#[5:0]. BUSEN#15:0], and CLKEN#I5:0] do not change, 
45 and the serial output logic 824 serially shifts the power enable signals PWREN(5:0] to the output register 80. The ON/ 
OFF state machine 998 also negates ttie signal SOJJPDATE. Once all forty control signals are shifted by the serial 
output logic 824. as indicated by the assertion of the signal SO.UPDATE.DONE. the ON/OFF state machine 998 
transitions from the PWROFF state to an OFF.LCLK4 slate where the signals POUT[39:0] are updated by negating 
the signal CSOLC.O for one cycle of the signal CLK. The state machine 998 then transitions to the IDLE state which 
so completes the power down sequence. 

If a power down sequence is not required, the ON/OFF state machine 998 then determines if the power up sequence 
is required If either the software has requested at least one of the slots 36 to powered up or a power up of the expansion 
box 30 is pending, then the ON/OFF state machine 998 transitions from the IDLE state to a power on PWRON state 
to begin the power on sequence. To begin the power on sequence, the ON/OFF state machine 998 asserts the 
ss SOJJPDATE sigial to begin a shift phase and transitions from the IDLE state to a power on state PWRON. 

During the PWRON state, the control logic 999 asserts the power enable signals PWRENf5:0) for the slots 36 that 
are to be powered up. and the serial output logic 824 serially shifts the power enable signals PWREN[5:0] to the output 
register 80 The ON/OFF state machine 998 also negates the signal SOJJPDATE. Once all forty control signals are 
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The output shift state machine 920 furnishes an increment counter signal INC_CNTR to the bit counter 921 . When 
the INC_CNTR signal is asserted, the bit counter 921 increments the value represented by the signal BIT_CNTR[5: 
0]. When a load counter signal LOAD_CIMTR is asserted or when the RST signal is asserted, then the output of an OR 
gate 925, connected to a clear input of the bit counter 921 , clears the signal BiT_CNTR[5:0]. 

s The signal BIT_CNTR[5:0] is furnished to the select input of a multi-bit multiplexer 924 that furnishes the signal 

CSOD_0. The zero through eleven inputs of the multiplexer 924 receive the LED control signals LEDS[11:0]. The 
twelve through fifteen inputs of the multiplexer 924 receive general purpose output signals GPOA(3:0). The sixteen 
through twenty-one inputs receive the reset signals RST#{5:0l. The twenty-two through twenty-seven inputs receive 
the clock enable signals CLKEN#(5:0]. The twenty-eight through thirty-three inputs receive the bus enable signals 

to BUSEN#(5:0]. The thirty-four through thirty-nine inputs receive the power enable signals PWREN[5:0]. 

As shown in Figures 35A-B, the output shift state machine 920 enters an IDLE state when the signal RST is 
asserted. If the signal SOJJPDATE is asserted, then the output shift state machine 920 transitions from the IDLE state 
to a SHIFT1 state. 

Because the output shift state machine 920 is clocked on the positive edge of the PCI clock signal CLK, the output 
is shift state machine 920 transitions through a SHIFT! state, a SHIFT2 state, a SHIFT3 state and a SHIFT4 state to 
generate the clock signal CSOSC_0 that is one fourth of the frequency of the clock signal CLK. During the SHIFT1 
and SHIFT2 states the clock signal CSOSC.O is negated, or low, and during the SHIFT3 and SHIFT4 states, the clock 
signal CSOSC.O is asserted, or high. When the current shift phase is completed, as indicated by the assertion of the 
signal MAXCNT, the shift state machine 920 returns to the IDLE state and the clock signal CSOSC.O is asserted until 
20 the beginning of the next shifting phase. 

As shown in Figure 36, a HANQ_PEND signal is received by the clear input of the register 80. The assertion, or 
driving high, or the HANG_PEND signal asynchronously clears the appropriate output control signals POUT139:0] to 
power down all slots 36 when the PCI bus 32 is in a locked up condition, as further described below 

2S FAULT ISOLATION 

The bus watcher 1 29 can detect for a hang condition on the secondary PCI bus 32. If a hang condition is detected, 
the bus watcher 129 sets a bus hang pending bit, which causes the SIO 50 to power down the slots on the secondary 
PCI bus 32 and a non-maskable interrupt (IMMI) to be transmitted to the CPU 14. The CPU 14 responds to the NMI by 
30 invoking an NMI routine to isolate the slot(s) causing the hang condition. Once identified, the defective stot(s) are 
disabled or powered off. 

For software diagnostic purposes, the bus watcher 129 in the downstream bridge chip 48 includes a bus history 
FIFO and a bus vector FIFO. When the secondary PCI bus 32 is functioning properly, the bus history information, which 
includes an address group (including the PCI address, PCI command signals, PCI master number, and the address 

35 parity bit) and a data group (including the PCI data, byte enable signals G/BE[3:0]_, parity error signal PERR_, the 
data parity bit, a burst cycle indication bit, and a data valid flag), are recorded by the bus watcher 1 29 in each transaction. 
When the PCI signal FRAME_ is asserted on the secondary PCI bus 32 to start a bus transaction, the address group 
and each subsequent data group are stored in the bus history FIFO. If the transaction is a burst transaction, then the 
burst cycle indication bit is set active on the second data phase. After the first data phase, the address field in the 

40 address group associated with the subsequent data groups in the burst transaction is incremented by 4 and the new 
address group and data group are stored in the next location of the bus history FIFO. If data is not transferred because 
of a retry condition or a discc*inect-without-data condition, the valid data indication bit is set low. 

Both the address group and the data group flow through a 2-stage pipeline to allow time for the data group to 
collect the data parity bit and data parity error bit, and stop the recording process when a data parity error occurs before 

« the next address group is stored. If the bus hangs in the middle of a write data phase, the data is stored, and a bus- 
hang status bit is set in a bus-hang indication register 482 (Figure 42) accessible via configuration space. If the bus 
hangs in the middle of a read data phase, the data is marked as not valid, and the bus-hang bit is set. 

Bus state vectors are assembled and stored in the bus vector FIFO, including the following PCI control signals: 
slot request signals REQ[7:0L; slot grant signals GNT[7:01j the FRAME_ signal; the PCI device select signal 

so DEVSELj the PCI initiator ready signal IRDY.J the PCI target ready signal TRDY_; the STOP signal; the PCI parity 
error signal PERR_; the PCI system error signal SERR_; and the LOCK, signal. On each PCI clock in which the bus 
state vector changes, i.e. , any one of the listed signals changes state, the new vector is stored into the bus vector FIFO. 

The bus watcher 1 29 includes a watch-dog timer 454 (Figure 40) to determine whether the secondary bus 32 has 
locked up. If the watch-dog timer 454 expires, then the bus 32 has hung. The following are examples of bus-hang 

55 conditions that can be detected by the watch-dog timer 454: The FRAME, signal is stuck high or low; the signal TRDY_ 
is not asserted in response to I RDY_; the PCI arbiter 1 24 does not grant the bus to any master; and a master requesting 
the bus 32 keeps getting retried. 

When the watch-dog timer 454 expires, the bus hang pending bit is set active in the bus-hang indication register 
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is causing the failure. 

If the variable I is determined 434 to be less than zero, then the handler checks 436 to determine if all populated 
slots have been enabled. If not, the variable N is incremented 437, the isolation-h-progress EV is updated 439, and 
the variable I is again set 441 equal to the value of N. 
s If the bus hang pending bit is set 438 active, then potentially two slots are disabled 440: slot N (which is the slot 

currently being enabled) and slot I (which is the slot currently being read from and written to). If the value of I and N 
are the same, then only slot N is disabled. 

If the handler determines 436 that all populated slots have been enabled (and a failure could not be identified), 
then the handler togs 442 in the NVRAM its inability to isolate the failure. Next, the handler clears 428 the isolation-in- 
10 progress EV. 

Referring to Figure 40, the watch-dog timer 454, provides output signals WD_TMR_OUT[1 7:0] (timer count value), 
HANG_PEND (bus hang condition present), EN_CAP (the software has enable capture of the bus and vector history 
information), TIME-OUT (the watch-dog timer 454 has timed out), a signal HANG_RCOVR_EN (set high by software 
to enable the hang recovery logic in the bus watcher 129 and in the SIO 50) and a signal CAPJLLEG_PROT (to 

is indicate an illegal cycle on the PCI bus 32). 

The signal HANG_PEND is provided to the SIO 50 to shut down the secondary bus slots. The input signals to the 
watch-dog timer 454 include some of the PCI bus signals, a signal WRT_EN_CAP J (pulsed high by software to re- 
enable the capture of the bus history and bus vector information by the fault isolation block 129), and a power-good 
indicator signal SYNC_POWEROK (indicating that power in the computer system is stable). 

20 A bus hang recovery state machine 456 receives the signals HANG_PEND, TIME_OUT, and HANG_RCOVR_EN 

from the watch-dog timer 454. The recovery state machine 456 also receives some of the PCI signals. The output 
signals from the bus hang recovery state machine 456 includes a device select signal DEVSEL_0 for driving the PCI 
signal DEVSEL_, a signal STOPJD for driving the PCI signal STOP_, a signal SERR_EN which enables assertion of 
the system error signal SERR_, a signal BR_M_ABORT (indicating that the bus watcher 129 has recovered with a 

2S master abort), a signal BR_T_ABORT (indicating that the bus watcher 129 has recovered with a target abort), and a 
signal RCOVR_ACTI VE (for indicating when the bus hang recovery state machine 456 is active). The bus hang recovery 
state machine 456 ensures that the secondary PCI bus 32 is brought back to the idle state to allow the software to 
isolate the faulty slot. When the hang condition is detected, the SIO 50 powers down the secondary bus slots, which 
would automatically place the bus 32 into the idle state if one of the slot devices was the bus master when the hang 

30 condition occurred. However, if one of the slot devices was the target (and the bridge chip 48 was the master) when 
the bus hang occurred, then the bridge chip 48 would remain on the bus. To take the bridge chip off the bus. the 
recovery state machine 456 forces a retry cycle on the PCI bus 32 by asserting the signal STOP_. 

A bus history capture block 458 monitors the PCI bus 32 for transactions, and presents the bus history information 
(including the address and data) on to output signals BUS_HIST_DATA3[31:0] (the bus history address), 

35 BUS_HISTJDATA2[31:0] (the bus history data), and BUSJHIST_DATA1[15:0] (parity error signal !PERR_, parity bit 
PAR, valid data bit VALID _DAT, address parity bit ADDRPAR, burst indicator BURST, master number MASTER(2:0] f 
byte enable bits CBE[3:0L and command bits CMD[3:0D. The bus history capture block 458 asserts a signal 
HIST_RDY when data is available on the BUS_HIST_DATA signals, which is true at the end of each data phase in a 
normal transaction, or if the transaction is terminated with a master abort, a retry, while the assertion of the time out 

40 signal TIME_OUT. 

A bus vector capture block 460 captures the states of certain PCI control signals when any of the those control 
signals changes state. The vector is captured and output as signals BUS_VECT_D ATA(20:01 which contain the request 
signals IREQ[7:0L grant signals !GNT[7:0]_, time out signal TIME_OUT, lock signal LOCK_, system error signal 
SERR_, parity error signal PERR_, stop signal STOP_, target ready signal TRDY_, initiator ready signal IRDY_, device 
45 select signal DEVSEL^ and frame signal FRAME_. The bus vector capture block 460 asserts a signal VECT_RDY if 
any of the bus vector BUS_VECTJDATA[24:0) has changed or the watch-dog timer 454 has expired (TIME-OUT is 
high). 

The bus history and bus vector signals are presented to the inputs of bus watcher FIFOs, which includes a 2-deep 
bus history FIFO and a 4-deep vector history FIFO. The outputs of the bus history FIFOs are presented as signals 

so BUS_HIST_REG1 [31 :0], BUS_HIST_REG2I31 .0], and BUS J~IIST_REG3{31 :0J. The outputs of the vector history FIFO 
are presented as signals BUS_VECT_REG[31 :0]. The system software reads the outputs of the bus history FIFO by 
generating an IAD read cycle which causes a signal BUS_HIST_RD1 to be asserted, and reads the outputs of the 
vector FIFO by generating an I/O read cycle which causes a signal BUS_VECT_RD to be asserted. 

Referring to Figure 41, the recovery state machine 456 begins in state IDLE when the signal SYNC_POWEROK 

55 is negated low, indicating that power is not yet stable. The state machine remains in state IDLE while the signal 
HANG_PEND is low. In state IDLE, signals BR_M_ABORT BR_T_ABORT and RCOVR_ ACTIVE are negated low. 
The signal RCOVR.ACT1VE is active high in the other states WAIT, ABORT, and PENDJDFF. If the signal 
SET_HANG_FEND is asserted high, the state machine transitions to state WAIT. In the transition, the signal 
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via the signal WRT_EN_CAP_1 . it is maintained high. The signal CLR_EN_CAP is asserted to clear the signal EN_CAP 
(disable capture of information), which occurs when a time-out has occurred (TIMEJDUT is high), a system error has 
occurred (SERR_ is tow), a parity error has occurred (PERR_ is low), or an illegal bus protocol has been detected 
(CAPJLLEG J>ROT is high). 

5 The signal C AP_I LLE G_P ROT is generated by a D-type flip-flop 483, whose D input receives the output of an 

AND gate 485. One input of the AND gate receives the inverted state of the signal WRT_EN_C AP_1 , and the other 
input receives the output of an OR gate 487. The OR gate 487 receives the signals CAP_ILLEG_PROT and 
SETJLLEG_PROT. The signal SETJLLEG_PROT is asserted when capture is enabled (EN_CAP is high), the state 
machine 456 is not active (RCOVR.ACTIVE is tow), the bus is idle, and any of signals DEVSEL_, TRDY_ or IRDY_ 

10 is asserted low. This condition is an illegal condition, which triggers capture of the bus history and bus vector information. 
Referring to Figure 43, the bus history ready signal HI STURDY is generated by a D-type flp-flop 502, which is 
clocked by the signal PCLK and cleared by the signal RESET. The D input of the flip-flop 502 is connected to the output 
of an OR gate 504, whose inputs receive the signal TIME-OUT, a signal M_ABORT (master abort signal delayed by 
one PCLK), the output of an AND gate 506, and the output of an AND gate 508. The AND gate 506 asserts its output 

15 if a retry, disconnect C or target abort cycle is present on the secondary bus 32 (the signal FRAME_, the inverted state 
of the signal IRDY_, the inverted state of the signal STOP_, and the inverted state of the signal DSC_A_B are all true). 
The AND gate 508 asserts its output when a completed data transfer has occurred (the signals IRDY_ and TRDY_ 
are both low). Thus, the bus history information is loaded into the bus history FIFOs when the watch-dog timer 454 
times out, a retry, disconnect C, or target abort condition is present, the master has aborted the cycle, or a cycle has 

20 successfully completed. 

The valid data indication signal VALIDJDAT is generated by a D-type flip-flop 510, which is clocked by the signal 
PCLK and cleared by the signal RESET The D input of the flip-flop 510 is connected to the output of a NOR gate 51 2, 
which receives the signal TIME_OUT, master abort signal M_ABORT, and the output of the AND gate 506. Thus, data 
is valid unless a time out is detected, a master abort cycle is issued, or a retry, disconnect C, or target abort cycle is 

25 present. 

The signal VECT_RDY is generated by a D type flip-flop 514, which is clocked by the signal PCLK and cleared by 
the signal RESET. The D input of the flip-flop 514 is connected to the output of an OR gate 516, which receives the 
time out signal TIME-OUT and a signal CHANG E_STATE indicating that one of the PCI control signals in the bus 
vector has changed state. Thus, the state vector information is loaded into the vector FIFOs whenever control signals 

30 on the PCI bus 32 change state or when a time-out occurred. 

Referring to Figure 44, the bus history data {BUSJHIST_DATA3[31:0] f BUS_HIST_DATA2I31:0]. 
BUS_HIST_DATA1 [1 5:0] is provided to the input of bus history register 540, which is the first stage of the bus history 
FIFO. The bus history 501 provides output signals BUS_HIST.FIFOir79:0], to the register 542 (the second state of 
the pipeline), which provides output signals BUS_HIST_FIFO0[79:0]. Both bus history registers 540 and 542 are 

35 clocked by the signal PCLK and cleared when the power-good signal SYNC_POWEROK is low. 

The bus history registers 540 and 542 are loaded when the output of an AND gate 518 is driven high. The AND 
gate 518 receives the enable capture bit EN_CAP and the OR of the bus history ready signal HI STURDY and the 
CAPJLLEG_PROT signal (OR gate 519). The output signals BUS_HIST_FIFO0[79:0] and BUS_HlST_FIFO1[79:0] 
are provided to the 0 and 1 inputs, respectively, of multiplexers 520, 522, and 524. Each of the multiplexers 520, 522, 

40 and 524 is selected by a read address signal HIST_FIFO_RD_ADDR (which starts out low to select the output of the 
bus register 502 and is toggled on each subsequent read). The multiplexers 520, 522. and 524 drive output signals 
BUS_HIST_REG3[31:0], BUS_HIST_REG2[31:0], and BUS_HIST_REG1[15:0], respectively. 

The bus vector data signals BUS_VECT_DATA[24:0] are provided to the inputs of a bus vector register 544, whose 
output is routed to the input of a bus vector register 546. The output of the bus vector register 546 is routed to the input 

45 of a bus vector register 548, whose output is in turn routed to the input of a bus vector register 550. Each of the bus 
vector registers 0-3 are clocked by the signal PCLK and cleared when the signals SYNC_POWEROK is tow The bus 
vector registers are loaded when the output of the AND gate 521 is asserted high. The AND gate 521 receives the 
signal EN_CAP and the OR of signals VECT_RDY and CAP_ILLEG_PROT (OR gate 523). The bus vector registers 
550, 548, 546 and 544 produce output signals BUS_VECT_FIFO0[24:01 BUS_VECT_FIFO1[24:0], 

so BUS_VECT_FIFO2(24:0] l and BUS_VECT_FIFO3{24:0], respectively, which are in turn provided to the 0, 1 , 2, and 3 
inputs of a multiplexer 526, respectively. The output of the multiplexer 526 provides signals BUS_VECT_REG(31:0], 
with the multiplexer 526 selecting one of its inputs based on the state of address signals VECT_FIFO_RD_ADDR[1 : 
0] (which begin with a binary value 00 and is incremented on each successive read). 

Thus, the bus history and bus state vector information is captured in response to assertion of signals HIST_RDY 

55 or VECT_RDY, respectively, or in response to assertion of the signal C APJ LLEG_PROT if an illegal bus protocol 
condition is detected. 
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and if not, the CPU 14 increments 1010 the parameter CURRENT.PCLBUS, as a slot 36 that is powered down or 
empty was found, and finds 1004 the next PCI-PCI bridge circuit or slot 36 that is powered down or empty. Thus, by 
incrementing 1010 the parameter CURRENT.PCLBUS. the CPU 14 effectively reserves a bus number for the slot 36 
that is powered down or empty. Alternatively, the CPU 14 may reserve more than one bus number for the slot 36 that 

5 is powered down or empty. 

If the CPU 14 found a PCI-PCI bridge circuit, the CPU 14 then sets 1012 the primary bus number of the PCI-PCI 
bridge circuit equal to the parameter CURRENT J=>CLBIJS. The CPU 14 then increments 1014 the parameter 
CURRENT.PCLBUS and sets 1016 the secondary bus number of the PCI-PCI bridge equal to the new bus number 
indicated by the parameter CURRENT_PCI_BUS. 

10 The CPU 1 4 then sets 1 01 8 the subordinate bus number of the found PCI-PCI bridge circuit equal to the maximum 
possible number of PCI buses by writing to the subordinate bus number register 1218. This vaiue for the subordinate 
bus number register 1218 is temporary and allows the CPU 14 to find and program additional downstream PCI-PCI 
bridge circuits or slots 36 that are powered down or empty. 

The CPU 14 finds additional downstream PCI-PCI bridge circuits or slots 36 that are powered down or empty by 

is preserving 1 022 the parameters PCLBUS, DEV and FCN and recursively calling 1022 the BUS_ASSIGN routine. The 
CPU 14 then restores 1024 the values for the parameters PCLBUS, DEV and FCN, and returns the latest call of the 
BUS_ASSIGN routine to update the parameter CURRENT_PCI_BUS with the next PCI bus number to be assigned 
by the CPU 14. 

The CPU 14 then updates 1026 the subordinate bus number of the found PCI-PCI bridge by setting 1026 the 
20 subordinate bus number equal to the parameter CURRENT_PCI_BUS. Thus, this completes the assignment of the 
PCI bus number to the found PCI-PCI bridge circuit and additional downstream PCI-PCI bridge circuits and slots 36 
that are powered down or empty . The CPU 1 4 then finds 1 004 the next PCI-PCI bridge circuit or slot 36 that is powered 
down or empty on the PCI bus indicated by the parameter PCLBUS. 

As shown in Figure 46, after the PCI bus numbers are assigned, the CPU 1 4 executes a memory space allocation 
2S routine called MEM_ ALLOC to allocate memory space for PCI functions and slots 36 that are powered down or empty 
The CPU 1 4 first initializes 1 028 search parameters used in aiding the CPU 1 4 in finding the located PCI functions and 
slots 36 that are powered down or empty. 

The CPU 14 then finds 1030. the next PCI function or slot 36 that is powered down or empty. If the CPU 14 deter- 
mines 1032 that all PCI functions and all slots 36 that are powered down or empty have been allocated memory space, 
30 the CPU 14 returns from the routine MEM_ALLOC. Otherwise, the CPU 14 determines 1032 whether a PCI function 
was found. 

If so, the CPU 14 allocates 1038 memory resources as specified by the PCI function. Otherwise, one of the slots 
36 that is powered down or empty is found, and the CPU 1 4 allocates 1 036 a default memory size and memory alignment 
for the slot 36. The default memory size can either be a predetermined size determined before power up of the computer 
35 system 10 or a size determined after a determination of the memory resources required by the computer system 10. 

When allocating memory space, the CPU 14 programs memory base 1 212 and memory limit 1214 registers of the 
PCI-PCI bridge circuits that are upstream of the found PCI function. The CPU 1 4 also programs base address registers 
of the corresponding PCI devices appropriately. The CPU 14 then finds 1030 the next PCI function or slot 36 that is 
powered down or empty. 

40 As shown in Figure 47, after the PCI bus numbers are assigned, the CPU 14 executes an I/O space allocation 
routine called l/0_ALLOC to allocate I/O space for PCI functions and slots 36 that are empty. The CPU 1 4 first initializes 
1040 search parameters used in aiding the CPU 14 in finding the located PCI functions and slots 36 that powered 
down or empty. 

The CPU 1 4 finds 1042 the next PCI function or slot 36 that is powered down or empty. If the CPU 1 4 determines 
45 1 044 that all PCI functions and slots 36 that are powered down or empty have been allocated I/O space, the CPU 14 
returns from the l/0_ALLOC routine. Otherwise, the CPU 14 determines 1044 whether a PCI function was found. If 
so, the CPU 14 allocates 1050 I/O resources as specified by the PCI function. Otherwise, a slot 36 that is powered 
down or empty was found, and the CPU 14 allocates 1048 a default I/O size and I/O alignment for the slot 36. The 
default I/O size can either be a predetermined size determined before power up of the computer system 10 or a size 
so determined after a determination of the I/O resources required by the computer system 10. 

When allocating I/O space, the CPU 14 programs the I/O base 1208 and limit 1210 registers of the PCI-PCI bridge 
circuits upstream of the PCI function or slot 36. The CPU 14 also programs base address registers of the corresponding 
PCI devices appropriately. The CPU 14 then finds 1042 the next PCI function or slot 36 that is powered down or empty. 
As shown in Figure 48, after initial configuration, when an interrupt is generated that indicates one of the levers 
55 802 has opened or closed, the CPU 14 executes an interrupt service routine caOed CARDJNT. The CPU 14 reads 
1052 the contents of the interrupt register 800 to determine 1053 whether the lever 802 has been opened or closed. 
If the CPU 14 determines 1053 that the lever 802 causing the interrupt was opened, the CPU 14 returns from the 
routine CARDJNT. 
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CFGCMD, ADDR01 , and the inverted state of the signal UPSTREAM_CHIR 

The bridge chip receiving the type 0 transaction uses the register number field 250 in the configuration transaction 
address to access the appropriate configuration register. The function number field 252 specifies one of eight functions 
to be performed in a multi-functional device during the configuration transaction. A PCI device can be multi-functional 

$ and have such f unctions as a hard disk drive controller, a memory controller, a bridge, and so forth. 

When the bridge chip 26 sees a type 1 configuration transaction on its upstream bus 26, it can forward the trans- 
action either downstream, translate the transaction to a type 0 transaction, convert the transaction to a special cycle, 
or ignore the transaction (based on the bus number parameters stored in the configuration registers 105 or 125). If a 
transaction is forwarded, it is up to the PCI master of the destination bridge chip to convert the type 1 transaction to 

10 the corresponding appropriate transaction. If a bridge chip handles the transaction itself, then it responds by asserting 
the signal DEVSEL_ on the PCI bus and handles the transaction as a normal delayed transaction. 

In a type 1 configuration transaction, the bus number field 260 selects a unique PCI bus in the PCI hierarchy PCI 
target block 103 passes a type 1 configuration cycle from the upstream chip 26 down to the downstream bridge chip 
48 if a signal PASS_TYP1_DS is asserted by an AND gate 284. The AND gate 284 receives the signal 

is TYP1_CFG_CYC_US and a signal IN_RANGE (the bus number field 260 is greater than or equal to the stored sec- 
ondary bus number and less than or equal to the stored subordinate bus number). The other input of the AND gate 
284 is connected to the output of an OR gate 286, which has one input connected to the output of an AND gate 288 
and the other input receiving the inverted state of a signal SEC_BUS_MATCH. Thus, If a type 1 cycle Is detected, the 
signal IN_RANGE is asserted and the bus number field 260 does not match the stored secondary bus number, the 

20 signal PASSJTYP1_DS is asserted. If the bus field 260 does not match the stored secondary bus number, then bus 
devices on or below the downstream bus 32 are addressed. The AND gate 288 asserts its output high if the signal 
SEC__BUS_MATCH is asserted high and the device number field 258 indicates that the target of the type 1 configuration 
cycle is the configuration space of the downstream bridge chip 48. If this is true, the type t configuration transaction 
is forwarded down the cable 28 to the downstream bridge chip 48 for translation to a type 0 configuration transaction. 

25 The PCI target 1 21 in the downstream bridge chip 48 responds to the transaction and reads and writes the downstream 
bridge configuration registers 1 25 according to the type 0 transaction. The control pins of the downstream chip are 
driven and read and write data appear on the downstream PCI bus 32 as if a type 0 transaction is running on the 
downstream bus (for debug purposes), although each IDSEL oh the downstream bus 32 is blocked so that no device 
actually responds to the type 0 transaction. 

30 if the PCI target block 1 03 in the upstream bridge chip 26 detects a type 1 configuration transaction on its upstream 

bus 24, having a bus number field equal to the stored secondary bus number (the cable bus 28) but not addressing 
device 0 (searching for other devices on the cable bus 28), then the target block 103 ignores the transaction on the 
primary bus 26. 

If the PCI target 121 detects a type 1 configuration write transaction (WR_ high) on the secondary PCI bus 32, 

& which has a bus number field 260 outside the range of the secondary bus number and subordinate bus number 
(IN_RANGE low), and if the device number 258, the function number 256, and the register number 254 indicate a 
special cycle (SPJWATCH high), then a signal PASS_TYP1_US is asserted by an AND gate 290. The AND gate 290 
receives the signal TYP1_CFG_CYC_DS, the signal SP_MATCH, the write/read strobe WR_, and the inverted state 
of the signal INLRANGE. When the PCI master 101 in the upstream bridge chip 26 receives such a cycle, it runs a 

to special cycle on the primary PCI bus 24. 

Configuration transactions are ignored by a bridge chip under certain conditions. If the target block 103 in the 
upstream bridge chip 26 detects a type 1 configuration transaction on the PCI bus 24 (its upstream bus), and the bus 
number field 260 is less than the secondary bus number or greater than the subordinate bus number stored in the 
bridge chip's configuration space, then the target block 103 ignores the transaction. 

4* If the target block 1 21 in the downstream bridge chip 48 detects a type 1 configuration transaction on the secondary 
PCI bus 32 (its downstream bus), and the bus number field 260 is greater than or equal to the secondary bus number 
and less than or equal to the subordinate bus number stored in the bridge chip's configuration space, then the target 
block 1 21 ignores the transaction. In addition, type 1 configuration commands going upstream are ignored if the type 
1 command does not specify a conversion to a special cycle transaction regardless of the bus number specified in the 

so type 1 command. 

Referring to Figure 53B, the PCI master 101 or 123 watches for a configuration cycle transferred over the cable 
28. If the PCI master 1 23 in the downstream bridge chip 48 detects a type 1 configuration transaction from the upstream 
bridge chip 26, it compares the bus number field 260 with the primary bus number and secondary bus number stored 
in the configuration space of the bridge chip 48. If the bU6 number field 260 matches either the 6tored primary bus 
55 number (i.e. , cable 28) or the stored secondary bus number (addressing a device directly connected to the downstream 
bus 32), the downstream bridge chip 48 translates the transaction to a type 0 transaction (by setting AD(1 :0] = 00) as 
it passes the configuration transaction onto the bus. The type 0 transaction is performed on the PCI bus 32 by the PCI 
master block 123. 
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which the various parameters are to be calculated. The timer 1 300 is programmed to the hexadecimal value FFFFFFFF 
If the PCI dock PCICLK2 is running at 33 MHz, then the timer period is approximately 2 minutes. When the timer 1 300 
decrements to 0. it asserts a signal GL_TIME_EXPIRE. 

The bus monitor 127 includes 7 slot-specific bus-busy counters 1302A-G. six of the counters corresponding, re- 

5 spectively, to the 6 slots on the secondary PCI bus 32 and one to the SIO 50. The bus-busy counters 1302A-G are 
cleared when the signal GL_TIME_EXPIRE is asserted. Depending on which bus device has control of the secondary 
bus 32, the bus-busy counter 1 302 increments on every PCI clock in which the secondary PCI bus FRAME_ or IRDY_ 
signal is asserted. The appropriate one of the seven counters is selected by one of the grant signals GNTI7: 1 ]_. Thus, 
for example, the bus-busy counter 1 302A is selected when the signal GNT[1]_ is asserted low, indicating that the SIO 

to is the current master on the secondary PCI bus 32. 

Seven data-cycle counters 1306A-G, corresponding, respectively, to the 6 slots on the secondary PCI bus 32 and 
the SIO 50, keep track of the time during which a data transfer is actually occurring between a master and a target 
during a transaction on the PCI bus 32. The selected data^cycle counter 1 306 is incremented on every PCI clock in 
which the secondary bus IRDY_ and TRDY_ signals are both asserted low The data-cycle counters 1306A-G are 

is cleared when the signal GL_TI ME_EXPI RE is asserted. 

Six DCQ data counters 1 31 0A-F are included in the bus monitor 1 27 for keeping track of the amount of data loaded 
into the DCQ buffers. The six DCQ data counters 1310A-F correspond to the 6 slots on the secondary PCI bus 32. 
The selected DCQ data counter 1 310 increments on every PCI clock in which delayed read completion (DRC) data is 
received from the cable 28 and loaded into the prefetch buffers. 

20 Another set of counters, DCQ-data-used counters 1 31 4A-F, are used to keep track of the amount of data loaded 

into the DCQ 144 actually used by the 6 slots on the secondary PCI bus 32. The selected DCQ-data-used counter 
1 31 4 increments on every PCI clock in which the secondary bus master reads data from the corresponding DCQ buffer. 
Both the DCQ-data counters 1 31 0A-F and DCQ-data-used counters 1 31 4 A-F increment on each data cycle regardless 
of the number of bytes actually transferred. In most cases, the number of bytes transferred in each data cycle is 4. 

2S When the global period timer 1300 times out and asserts the signal GL_TIME_EXPIRE, several events occur. 

First, the global period timer 1300 reloads its original count value, which is the hexadecimal value FFFFFFFF The 
contents of all the other counters, including the bus-busy counters 1 302A-G, data-cycle counters 1 306A-G, DCQ data 
counters 1310 A-F, and DCQ-data-used counters 1314A-F, are loaded into registers 1304, 1308, 1312, and 1316, re- 
spectively. The counters 1 302, 1 306, 1 31 0, and 1 31 4 are then cleared to 0. The global period timer 1 300 then begins 

30 to count again after it is reloaded with its original value. 

The signal GL_TIME_EXPIRE is provided to the interrupt receiving block 132. which towards the interrupt over 
the cable 28 to the interrupt output block 1 1 4, which in turn generates an interrupt to the CPU 1 4. The CPU 1 4 responds 
to the interrupt by invoking an interrupt handler to perform the bus performance analysis. The interrupt handler accesses 
the contents of the registers 1304, 1308, 1312, and 1316, and calculates the several parameters, including the bus 

35 utilization, bus efficiency, and prefetch efficiency parameters associated with the 6 secondary bus slots and the SIO 50. 

The bus utilization parameter is the value of the bus-busy counter 1302 divided by the initial value of the global 
period timer 1 300, which is the hexadecimal value FFFFFFFF. Thus, bus utilization is the percentage of the total global 
time during which a bus master is performing a bus transaction. 

A PCI transaction includes an address phase and at least one data transfer phase. A bus master asserts the signal 

40 FRAME_ to indicate the beginning and duration of an active bus transaction. When the signal FRAME_ is deasserted, 
that indicates the transaction is in the final data phase or the transaction has been completed. The signal IRDY_ 
indicates that the bus master is able to complete the current data phase of the bus transaction. During a write, the 
signal IRDY_ indicates that valid data is present on the bus. During a read, the signal IRDY_ indicates the master is 
prepared to accept read data. The addressed PCI target responds to the bus transaction by asserting the signal TRDY_ 

45 to indicate that the target is able to complete the current data phase of the transaction. During a read, the signal TRDY_ 
indicates that valid data is present on the bus; during a write, the signal TRDY_ indicates the target is prepared to 
accept data. Wait states can be inserted between the address and data phases and between consecutive data phases 
of the bus transaction. During the address phase or the wait states, no data transfer is actually occurring. 

Actual data transfer is occurring only when both signals IRDY_ and TRDY_ are asserted low To determine the 

so data transfer bus efficiency, the interrupt handier divides the value of the data-cycle counter 1306 by the value of the 
bus-busy counter 1 302. The bus efficiency represents the amount of time during which a data transfer actually occurs 
during a bus transaction. By calculating this value, the computer system can be made aware of target devices which 
require many wad states and therefore are inefficient. 

The bridge chip 48 can fetch data from the primary PCI bus 26 and 6tore the data in the DCQ 144. The DCQ 144 

ss has eight buffers, each being assignable to a secondary bus master. For example, a memory read multiple transaction 
generated by a secondary bus master targeted at the primary bus will cause bridge 26, 48 to fetch 8 cache lines from 
the memory 20 and load into the DCQ 144. A memory read line transaction will cause the PCI-PCI bridge 26, 48 to 
fetch one line of data from the memory 20. In addition, as described in conjunct in with Figures 75 and 79, the PCI-PCI 
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1729 and transfers the read contents to a six bit l 2 0 subordinate register 1728 (Fig. 91) of the bridge chip 46. The 
register 1728 indicates the subordinate status (l 2 0 processor 1 700 subordinate or CPU 14 subordinate) of the bus 
devices in the same manner as the register 1729. Before the CPU 14 writes to the register 1728. the register 1728 
contains all ones (value at power up) which allows the CPU 14 to scan the bus 32 for the IgO processor 1700. The 

s interrupt receiving block 1 32 uses the register 1 728 to identify which interrupt requests received by the block 1 32 should 
be routed to the CPU 1 4 and which interrupt requests received by the block 1 32 should be routed to the IgO processor 
1700 for processing. Furthermore, the logic 1710 uses the contents of the register 1728 to block recognition by the 
CPU 14 of the IgO subordinate devices 1701-1702 from the CPU 14. 

For purposes of indicating to the interrupt receiving block 132, which bus device, if any, is an l 2 0 processor, the 

10 CPU 14 sets one bit of an l 2 0 sbt register 1730 (Fig. 92) whose bits 0-5 correspond to the slots 36a-f, respectively. 
For this register 1730, located inside the bridge chip 48, a value of "0" for a bit indicates the associated slot 36 does 
not have an processor and a value of '1 " for the bit indicates the associated slot 36 has an IjO processor. 

As shown in Figure 90, the logic 1710 includes a mufti-bit AND gate 1711 which furnishes signals ADJDSEL[5:0] 
to address/data lines of the bus 32 to select devices on the bus 32 during configuration cycles. The AND gate 1711 

15 receives a six bit signal ENABLE[5:0] having bits indicative of and corresponding to bits of the l 2 0 subordinate register 
1728. The AND gate 1711 also receives the typical identification select signals SLOTJDSEL[5:0) furnished by the 
bridge chip 48 for selecting devices on the bus 32 during configuration cycles. Therefore, the signals ENABLE(5:0] are 
used to selectively mask the signals SLOTJDSEL[5:0] from the PCI bus 32-when configuration cycles are run by the 
CPU 14. 

20 For purposes of controlling the destination of interrupt requests from the slots 36a-d, the four standard PCI interrupt 

request signals (INTA#, INTB#, INTC# and INTD#) provided by each slot 36 are furnished to multiplexing circuitry 1712 
(Fig. 68). The multiplexing circuitry 1712 serializes the PCI interrupt request signals received from the slots 36 and 
furnishes the signals to the interrupt receiving block 132 via four time multiplexed serial interrupt request signals: 
INTSDA#, INTDSB#, INTSDC#, and INTSDD#. 

2$ As shown in Figure 89, the interrupt receiving block 1 32 furnishes interrupt request signals for the CPU 14 to the 

interrupt output block 114 via a time multiplexed serial interrupt request signal I NTS DC ABLE #. The interrupt receiving 
block 1 32 furnishes interrupt request signals for the l 2 0 processor 1700 via a time multiplexed serial interrupt request 
signal INTSDIIO# furnished via a PCI INTC# line 1709 of the bus 32 to the \& processor 1700 

The interrupt output block 114 furnishes the interrupt requests destined for the CPU 14 to one or more of the 

30 standard PCI interrupt request lines (INTA#, INTB#, INTC#, and INTD#) of the PCI bus 24. An interrupt controller 1900, 
external to the bridge chip 26, receives the interrupt requests from the PCI interrupt request lines of the PCI bus 24. 
The interrupt controller 1 900 prioritizes the interrupt requests (which may include interrupt requests from other devices 
on the PCI bus 24) and furnishes them to the CPU 14. The interrupt output block 114 may either asynchronously (when 
in an asynchronous mode) furnish the interrupt request signals to the interrupt request lines of the PCI bus 24 or serially 

35 (when in a serial mode) furnish the interrupt request signals to the INTA# line of the PCI bus 24, as further described 
below. 

As shown in Figure 95, all of the time multiplexed serial data signals represent their data via an interrupt cycle 
1850 which comprises eight successive time slices (T0-T7). The duration of each time slice is one cycle of the PCI 
clock signal CLK. Each time slice represents a "snapshot" of the status of one or more interrupt request signals. As 

40 shown in Figure 99, the signal INTSDA# represents the sampled INTA# interrupt request signals from the sbts 36a-f . 
The signal INTSDB# represents the sampled INTB# interrupt request signals from the slots 36a-f . The signal INTSDC# 
represents the sampled INTC# interrupt request signals from the sbts 36a-f. The signal INTSDD# represents the 
sampled INTD# interrupt request signals from the slots 36a-f. 

For purposes of combining the interrupt signals INTSDA#-D# into the signal INTSDIIO#, the interrupt receiving 

45 block 132 logically ANDs the signals INTSDA#-D# together while simultaneously masking interrupt request signals 
destined for the CPU 1 4. Similarly, for purposes of combining the interrupt signals INTSDA#-D# into the signal INTSD- 
CABLE#, the interrupt receiving block 1 32 logically ANDs the signals INTSDA#-D# together while simultaneously mask- 
ing interrupt request signals destined for the CPU 14. 

For the purpose of instructing the interrupt output block 114 when another interrupt cycle 1850 is beginning, the 

so interrupt receiving block 1 32 furnishes a synchronization signal INTSYNCCABLE# to the interrupt output block 11 4. 
The falling, or negative, edge of the signal I NTSYNCC ABLE# indicates that time slice TO of the interrupt cycle 1850 
transmitted via the signal INTSDCABLE# is beginning on the next positive edge of the CLK signal. A signal INTSYN- 
CIIO# is used in an analogous fashion to indicate an upcoming time slice TO of the interrupt cycle 1 850 transmitted 
via the signal INTSDIIO#. The signal I NTS Y NCI IO# is furnished by the interrupt receiving block 1 32 to the l^ processor 

55 1700 via a PCI INTD# line 1713 of the bus 32. For the purpose of instructing the multiplexing circuitry 1712 when to 
transmit another interrupt cycle 1850 via the interrupt signals INTSDA#-D#, the interrupt receiving block 1 32 furnishes 
a synchronization signal INTSYNC* to the multiplexing circuitry 1712. The falling, or negative, edge of the signal 
INTSYNC# indicates the muliplexing circuitry 1 71 2 should being transmitting time slice TO of the signals INTSDA#-D# 
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signal. The AND gate 1782 receives an inverted CAY J NT signal and the G_CNTRL signal. 

The outputs of the AND gates 1772-1782 are connected as inputs to an OR gate 1784 which has its output con- 
nected to the signal input of a D-type flip-flop 1 786. The flip-flop 1 786 is clocked on the positive edge of the CLK signal, 
and the set input of the flip-flop 1786 receives the RST signal. The inverting output of the flip-flop 1786 furnishes the 
5 INTSDCABLE# signal. 

Four AND gates 1790-1796 are used to combine the INTSDA#-D# signals and mask selected interrupt request 
signals from the ip processor 1 700. The AND gate 1 790 receives an inverted INTSDA# signal and an inverted MASKA 
signal. Another input of the AND gate 1790 is connected to the output of a NOR gate 1 802 which masks the INTSDA# 
signal during the time slices TO and T7 because no card interrupt requests are include in these time slices. The NOR 
to gate 1802 receives the bits G_CNTRL[0] and G_CNTRL(7]. The AND gate 1792 receives an inverted INTSDB# signal 
and an inverted MASKB signal. Another input of the AND gate 1792 is connected to the output of a NOR gate 1804 
which masks the INTSDB# signal during the time slices T1 and T4 because no card interrupt requests are include in 
these time slices. The NOR gate 1802 receives the bits G_CNTRL(1] and G_CNTRL[4]. 

The AND gate 1794 receives an inverted INTSDC# signal and an inverted MASKC signal. Another input of the 
is AND gate 1794 is connected to the output of a NOR gate 1806 which masks the INTSDC# signal during the time slices 
T2 and T5 because no card interrupt requests are include in these time slices. The NOR gate 1806 receives the bits 
G_CNTRL(2] and G_CNTRL(5]. The AND gate 1796 receives an inverted INTSDD# signal and an inverted MASKD 
signal. Another input of the AND gate 1796 is connected to the output of a NOR gate 1808 which masks the INTSDD# 
signal during the time slices T3 and T6 because no card interrupt requests are include in these time slices. The NOR 
20 gate 1808 receives the bits G_CNTRL|3J and G_CNTRL|6]. 

The outputs of the AND gates 1790-1796 are connected as inputs to an OR gate 1798 which has its output con- 
nected to the signal input of a D-type flip-flop 1 800. The flip-flop 1 800 is clocked on the positive edge of the CLK signal, 
and the set input of the flip-flop 1800 receives the RST signal. The inverting output of the flip-flop 1800 furnishes the 
INTSDIIO# signal. 

& As shown in Figure 98, the interrupt output block 11 4 includes a three bit counter 1 820 of common design with the 

counter 1 745. The counter 1 820 is clocked on the positive edge of the signal CLK, furnishes an output signal G_CNTR2 
[2:0], and begins counting from zero to seven after being reset by the INTSYNC# signal. 

For purposes of furnishing the INTSYNCCPU# signal, the interrupt output block 114 includes a D-type flip-flop 
1822 that is clocked on the positive edge of the CLK signal. The set input of the flip-flop 1822 receives the RST signal, 
30 and the signal input of the flip-flop 1822 receives the INTSYNCCABLE* signal. The non-inverting output of the flip- 
flop 1822 furnishes the INTSYNCCPU# signal. 

For purposes of furnishing the INTSDCPU# signal, the interrupt output block 114 includes a D-type flip-flop 1824 
that is clocked on the positive edge of the CLK signal. The set input of the flip-flop 1824 receives the RST signal, and 
the signal input of the flip-flop 1 824 receives the INTSDCABLE# signal The non-inverting output of the flip-flop 1 824 
35 furnishes the INTSDCPU# signal. 

The interrupt requests received by the interrupt receiving block 114 are furnished to the interrupt controller 1900 
either asynchronously or serially. In the asynchronous mode, the interrupt requests are mapped to the four PCI interrupt 
lines (commonly referred to as a "barber poling') on the PCI bus 24 as shown in Figure 100. 

For purposes of holding the interrupt information provided by the INTSDCABLE# signal, the interrupt output block 
114 includes an eight bit register 1826. All signal inputs receive the INTSDCABLE# signal. The load enable inputs of 
bits 0-7 receive the bits G_CNTR[0]-G_CNTR[7], respectively. Therefore, for example, during time slice T4, bit 3 is 
loaded with the value represented by the INTSDCABLE# signal. Bits 0 (represented by a INT_A1 signal) and 4 (rep- 
resented by a INT_A2 signal) are mapped into a CPUINTA# signal. Bits 1 (represented by a INT_B1 signal) and 5 
(represented by a INT_B2 signal) are mapped into a CPUINTB* signal. Bits 2 (represented by a INT_C1 signal) and 
45 6 (represented by a INT_C2 signal) are mapped into a CPUINTC* signal. Bits 3 (represented by a INTJD1 signal) and 
7 (represented by a INT_D2 signal) are mapped into a CPUINTD# signal. 

Four OR gates 1828-1834 furnish the signals CPUINTA#, 'CPUINTB* CPUINTC#, and CPUINTD#, which are 
provided to the PCI interrupt lines INTA#, INTB#, lNTC#and INTD#, respectively, of the PCI bus 24. The OR gate 1828 
has one input connected to the output of an AND gate 1836. The AND gate receives an inverted CM signal. The signal 
50 CM is furnished by a bit of a configuration register of the bridge chip 26 and is asserted, or driven high, to indicate the 
asynchronous mode and deasserted, or driven tow, to indicate the synchronous mode. The AND gate 1836 also re- 
ceives the signal INT_A1 , the signal INT_A2, and a signal ECC_ERR_UP (used to indicate an error In cable transmis- 
sions). 

The OR gate 1 828 has an input connected to the output of an AND gate 1838. The AND gate 1838 receives the 
55 CM signal and the INTSDCPU# signal. Another input of the AND gate 1 838 is connected to the output of an OR gate 
1848. The OR gate 1848 receives the ECC_ERR_UP signal and the bit G_CNTR2[0]. 

The OR gate 1830 has one input connected to the output of an AND gate 1840 and one input connected to the 
output of an AND gate 1842. The AND gate 1840 receives an inverted CM signal, the signal INT_B1, and the signal 
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a clamp configured to selectively prevent removal of the circuit card from the connector when the clamp is 
engaged; and 

circuitry connected to monitor the engagement status of the clamp, and to regulate delivery of power to the 
connector based on the engagement state of the clamp. 

5 

12. The system of claim 11 , further comprising: 

a communication link, and 

wherein the circuitry is further connected to regulate coupling of a communication link to the connector based 
io on the engagement state of the clamp. 

13. The system of claim 11 or claim 12, wherein the circuitry includes: 

a switch actuated by the clamp furnishing an indication of the position of the switch; and 
is a circuit connected to update the engagement status when the indication indicates the same position for a 

predetermined duration. 

14. A computer system comprising: 

20 a central processing unit; and 

a system according to any of claims 1 1 to 1 3. 

15. The computer system of claim 14, wherein the circuit is configured to provide an interrupt request to the central 
processing unit to indicate when the engagement status changes. 

2$ 

16. The computer system of claim 14 or claim 15, wherein the circuit includes a buffer, accessible by the central 
processing unit, connected to store the indication of the engagement status. 

1 7. The computer system of any of claims 1 4 to 1 6, wherein the circuit monitors a power status signal of the connector 
30 and provides an indication of the power status signal to the central processing unit. 

18. The computer system of any of claims 14 to 17, further comprising: 

a circuit, responsive to the circuit connected to monitor the engagement status of the clamp, connected to 
furnish power to the connector when the clamp is engaged and to remove power from the connector when the 
35 clamp is not engaged. 

19. The computer system of claim 18, wherein the central processing unit selectively enables the connector to receive 
power, the computer system further comprising: 

a buffer connected to indicate if the central processing unit has enabled the connector to receive power and 
wherein the circuit connected to furnish power only provides power if the central processing unit has enabled 
the connector to receive power. 

20. The computer system of claim 18 or claim 19, further comprising: 
45 a bus. 

21 . The computer system of claim 20, further comprising: 

a circuit, responsive to the circuit for monitoring, for coupling the bus to the connector when the clamp is 
engaged and electrically isolating the bus from the connector when the clamp is not engaged. 

so 

22. The computer system of claim 21 , wherein the central processing unit selectively enables the bus to be coupled 
to the connector, the computer system further comprising: 

a buffer connected to indicate if the central processing unit has enabled the bus to be connected to the con- 
55 nector, and 

wherein the circuit connected to furnish power only couples the bus to the connector if the central processing 
unit has enabled the connector to be coupled to the bus. 
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Parameter 


Value 


Impedance (Differential) 


1 08+/- 5 Ohms 


Impedance (Single-ended) 


67 +/- 5 Ohms 


Propagation Delay 


1 .54 ns/ft min, 1 .58 ns/ft max 


Delay Skew 


0.025 ns/ft max 


Attenuation (Differential) 


0.08 db/ft max @ 50 MHz 


Length 


12' 


DC Resistance 


0.070 Ohms/ft max 
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